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INTRODUCTION 


Location 


Attention was first drawn to the presence 
of vertebrate fossils in the Rim Rock country 
of Trans-Pecos Texas by Brown (1941) in a 
speech concerning the Walt Disney film “Еап- 
Газа.” This remote part of Texas (fig. 1) is a 
long narrow area between the Sierra Vieja and 
the Rio Grande; both oriented northwest and 
southeast. The northern boundary of the area 
of fossiliferous rocks belonging to the Vieja 
Group is near the juncture of the Jeff Davis 
County line and the Rio Grande, and a south- 
ern boundary is a little south of 30° 15' М, 


Previous Work 


History of collecting. — Following Brown 
(1941), Stovall (1948) published a paper on a 
collection made by W. N. McAnulty, D. E. 
Savage, and Wann Langston, Jr. and referred 
to another collection of fossil vertebrates made 
in 1932 by C. L. Baker as “уегу fragmentary 
and of little diagnostic value.” Bryan Patterson 
and J. H. Quinn collected in the Rim Rock 
country in 1949 for the Field Museum of Natu- 
ral History. In the early 1950's I visited the 
area briefly and made longer collecting trips 
during the summer months from 1956-1968. 

The collections made by Stovall and by Pat- 
terson and Quinn have been loaned to me by 
the University of Oklahoma and the Field Mu- 
seum of Natural History. Another scientifi- 
cally valuable collection by local amateurs, Mr. 
and Mrs. Howard Gibson and their son Bill, 
was given to The University of Texas at Aus- 
tin so that, to my knowledge, all significant 
Tertiary vertebrate material from the Rim 
Rock country is available to me for study. 

Stovall (1948, p. 80) published a recon- 
naisance geologic map of a part of the Rim 
Rock country using the USGS topographic 
sheet, San Carlos Quadrangle as his base. I be- 
lieve the fossil locality indicated on his map 
is misplaced. For several summers I repeated- 


ly visited the general area Stovall has marked, 
which is easy to locate between the abandoned 
rallroad bed and the high east-facing escarp- 
ment. In the area of his “fossil locality" the 
escarpment is capped by the Buckshot Ignim- 
brite so that any fossils, below it but west of 
the prominent fault, would belong to the Can- 
delaria l.f.* But I found none; his assemblage 
is characteristic of the Porvenir I.f. Stovall's 
measured section given in figure 3 of his text 
is quite similar to that found about a mile and 
a half to the southeast. Fossils belonging to the 
Porvenir І.Ғ. are common at that place. 

Unfortunately, Drs. Langston, McAnulty, 
and Savage can neither substantiate nor deny 
my supposition. At any rate, the material in 
the Oklahoma University collection belongs 
with the Porvenir Lf. A re-identification of 
part of the OU collection is given in Wilson 
et al. (1968). 

All of the Field Museum localities are with- 
in the outcrop area of the lower part of the 
Chambers Tuff Formation and the assemblage 
is part of the Porvenir L.f. 
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AMNH, American Museum of Natural His- 
tory, New York 

CM, Carnegie Museum, Pittsburgh 

FAM, Frick Laboratory, American Museum of 
Natural History, New York 

FMNH, Field Museum of Natural History, Chi- 
cago 

IGM, Universidad Nacional Autónoma de 
México, Instituto de Geologia, Ciudad Uni- 
versitária, México, D. Е. 

L, anteroposterior length 

LACM, Los Angeles County Museum, Los 
Angeles 

1.f., local fauna 

M, mean and its standard error 

N, number of specimens included in sample 

OR, observed range 

OU, University of Oklahoma, Norman 

PANS, Philadelphia Academy of Natural Sci- 
ences 

PU, Princeton University, Princeton, N. J. 


SD, South Dakota School of Mines and Tech- 
nology, Rapid City 

С: standard deviation 

TMM, Texas Memorial Museum, The Univer- 
sity of Texas at Austin* 

UCMP, University of California, Berkeley 

UMICH, University of Michigan, Ann Arbor 

USGS, United States Geological Survey 

USNM, United States National Museum, Wash- 
ington, D. C. 

UWYO, University of Wyoming, Laramie 

V. coefficient of variation 

W, labiolingual width 

YPM, Yale University, Peabody Museum, New 
Haven 


Specimen numbers without prefixes belong to 
TMM; such numbers preceded by a hyphen аге 
abbreviated, and include the five-digit locality 
number preceding, e.g., 40509—1, —2. АП 
measurements are in millimeters. Interstitial 
wear is small and length measurements ap- 
pear valid. 


GEOLOGICAL STUDIES 


Professor R. K. DeFord, Department of 
Geological Sciences, The University of Texas 
at Austin, began the supervision of detailed 
geologic mapping in the Rim Rock country 
by graduate students in 1954 (for a detailed 
history of the geologic work in the area see 
DeFord, 1958). Since that time 45 students, 
both masters and doctoral candidates, have 
completed studies on various aspects of the 
geology and have submitted a series of detailed 
geologic maps that cover the areas from which 
vertebrate fossils have been collected. Dr. Page 
C. Twiss, Department of Geology, Kansas 
State University, and Prof. DeFord are assem- 
bling the results of the geologic studies. The 


*Specimens at Austin were formerly in the collections of 
the Bureau of Economic Geology and in previous reports speci- 
men numbers bore the prefix BEG. АП fossil vertebrates in 
collections at The University of Texas at Austin have been 
transferred to the care of the Texas Memorial Museum and 
henceforth specimens in this collection will be identified by 
the prefix TMM. 


most recently published geologic map is by 
DeFord (1958, p. 15) but its scale, circa 5 mi. 
to 1 in., is not useful for showing positions of 
fossil localities. For a larger scale map of the 
southern area see Mankin (1955), for the cen- 
tral area, Schulenberg (1958), and for the 
northern area, Bridges (1958). Vertebrate fos- 
sil localities that were known at the time these 
studies were made are shown on their maps. 
Localities discovered since then are plotted on 
copies of those same maps and kept on file at 
the Vertebrate Paleontology Laboratory, Tex- 
as Memorial Museum, The University of Texas 
at Austin. Detailed descriptions of localities 
are also on file at the Laboratory. General 
areas for local faunas are indicated diagram- 
atically on figure 1, which is reproduced from 
Wilson et al. (1968). 

The Rim Rock country derives its name 
from the high rim held up by a series of flow 
rocks and ignimbrites that overlook the Rio 
Grande valley approximately halfway between 
the Big Bend of the Rio Grande and the city 
of El Paso. The Mexican side of the valley is 
primarily folded and faulted Cretaceous rocks 
which were deformed during the Early Ter- 
tiary by the Laramide orogeny if extrapolation 
from the Big Bend National Park about 100 
miles to the south is correct (Maxwell et al., 
(1967). In contrast, the Texas side of the val- 
ley has the exposed edges of numerous fault 
blocks of early Tertiary continental sediments 
that were displaced and tilted as late as post- 
Early Miocene. This extrapolation is once again 
based on knowledge of time of faulting in Big 
Bend National Park. The geologic structure of 
the Rim Rock country makes it a part of the 
Basin and Range physiographic province. 

Recently, K-Ar dates have been published 
by Dasch et al. (1969) for dike swarms in the 
Rim Rock country that intrude the Vieja 
Group and are in turn cut by normal faults. 
According to these authors (р. 1819): **Potas- 
sium-argon dates for basaltic rocks from the 
Rim Rock dike swarm of Trans-Pecos Texas 
range from 18 to 23 m.y. Because these dikes 


are closely associated with major normal faults 
they indicate the age of Basin-Range faulting 
in the region. Two sets of dikes are distinguish- 
able not only by strike and petrology, but also 
by age. The older, basaltic and trachy-basaltic 
set and the younger, more alkalic set have 
average ages of 22.3 and 19.2 m.y., respect- 
ively.” This places the beginning of the fault- 
ing as post-Early Miocene. 


Stratigraphy 


The stratigraphic succession was worked out 
by DeFord and his students (DeFord, 1958). 
The succession of local faunas was worked out 
by Wilson and his students, Harris (1967a, 
1967b) and Ferrusquia-V. (1967). This se- 
quence was summarized, together with K-Ar 
dates, by Wilson et al. (1968). Figures 1, 2, 
and table 1 from that report are included 
here for convenience. 

A succession of early Tertiary continental 
deposits of alternating igneous extrusives, tuffs 
and tuffaceous sediments is found in the Rim 
Rock country. The extrusive igneous rocks are 
distinctive. Igneous breccias, ignimbrites, rhyo- 
lites, and basalts provide a key for separating 
the tuffs and tuffaceous sediments. No single 
igneous unit, either flow or ignimbrite, is con- 
tinuous from the northernmost to the south- 
ernmost part of the area but the correlation 
shown in figure 2 is confidently proposed. All 
units are exposed in superposition at least 
somewhere on the southwest facing fault 
scarp of the Sierra Vieja. 

The Tertiary rocks of the Vieja Group (De- 
Ford, 1958) lie on marine and continental Up- 
per Cretaceous. Variegated shales and brown 
sandstones with dinosaur remains are present 
in areas where there were structural lows. 
Wann Langston, Jr. (personal communication, 
Jan. 1968) believes the dinosaur fauna of the 
Upper Cretaceous rocks of the Rim Rock 
country and of the Big Bend National Park are 
about the same age. 

The lowest formation of the Vieja Group is 
the Jeff Conglomerate named Бу ЕШег (1951). 


4 


The type locality is in the Barrilla Mountains, 
about 70 miles to the northeast. Neither this 
formation nor the Gill Breccia has yielded fos- 
sils. A sample (table 1, no. 0) from an igneous 
rock from the Gill Breccia has been dated by 
the K-Ar method as 40.0 + 2.0 m.y. by Geo- 
chron Laboratory, Inc. 

The lowest fossiliferous formation is the 
Colmena Tuff. The most important expo- 
sures and fossil localities are near the mouth 
of Capote Creek. This formation is a pale red 
to white fine-grained, thin-bedded to thick- 
bedded tuffaceous sandstone and pebble-to- 
boulder limestone and sandstone conglomer- 
ate. In places it contains stream cross-bedding 
and in others mud-flow structure. No single 
sedimentary bed can be traced more than a 
few hundred yards. The colors of the tuffa- 
ceous sediments of the Colmena are duller 
than those of the overlying Chambers. The 
Colmena Tuff is overlain by the Buckshot Ір- 
nimbrite. A presumably reliable K-Ar date 
from the Buckshot is 38.6 + 1.2 m.y. (table 
1, no. За). 

Harris (1967а) named Ше local fauna from 
the Colmena Tuff after the village of Cande- 
laria (Wilson ег al., 1968, give a preliminary 
list of species іп the Candelaria 1.Ғ. and assign 
it to the Uintan age). This is the “Colmena” 
fauna of Black and Dawson (1966) but it 
seems better to use a name other than that of 
the formation for the local fauna. 

The Chambers Tuff Formation overlies the 
Buckshot Ignimbrite. It is a succession of 
interbedded conglomerates, tuffaceous sand- 
stones, siltstones, shales, and limestones. Verte- 


Fig. l.—Map of Trans-Pecos Texas southwest of 
Davis Mountains showing extent of flow rocks. Rim 
Rock country is between Sierra Vieja and Rio Grande. 
Letter symbols locate sources of vertebrate fossils: 
С; Candelaria LEŞ; P, РІ, P2, P3, Porvenir LE: LE 
Little Egypt 1.4; A, Airstrip 1.#.; AS, Ash Spring Lf. 
Numerals locate sources of K-Ar samples (table 1): 
O, volcanic rock in Gill Breccia; 1, 2, (sample 2 and 
2а is the same rock specimen) Buckshot; 3, 4, Pantera; 
5, Bracks; 6, Brite; 7, sanidine from water-laid tuff 
of Reeves Bonebed; , KA 1010 (Evernden et al., 
1964), Bracks; IJ, KA 1000 (Evernden et al., 1964), 
Brite; (after Wilson et al., 1968), 
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brate fossils are found at many levels within 
the Chambers Tuff but are concentrated in 
two zones, one low and the other high. The 
lower concentration has been named the Por- 
venir local fauna and the upper the Little 
Egypt local fauna (Harris, 1967a, Wilson 
et al., 1968). 

The Bracks Rhyolite lies above the fossil- 
iferous Chambers Tuff and below the fossil- 
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iferous Capote Mt. Tuff. It has been indepen- 
dently dated (table 1, nos. 5 and KA 1010) 
by the K-Ar method as 36.5 + 1.2 m.y. by 
Geochron Laboratories, Inc. and 36.8 m.y. 
by the University of California Laboratory, 
(Evernden et al., 1964). 

The Capote Mt. Tuff Formation consists of 
about 1,300 ft. of light pink to gray-brown 
tuffaceous siltstone and tuffaceous sandstone, 





and is Ше uppermost fossiliferous unit in Ше 
Vieja Group. It contains the Airstrip Lf. 
(Harris, 1967a, Wilson et al., 1968). The over- 
lying Brite Ignimbrite has been dated at two 
localities by K-Ar as 33.0 + 1.1 m.y. and 


33.9 + 1.1 m.y., respectively (table 1, nos. 


6 and 14). 

In the northern part of the area the Ash 
Spring І.Ғ. (Harris, 1967a, Wilson et al., 1968) 
was collected from undifferentiated Vieja 
Group. Its stratigraphic position is about 510 
ft. above the Pantera Ignimbrite and is the 
most advanced of the local faunas. The sedi- 
ment consists of poorly consolidated grayish- 
pink reworked tuff. 

I received a copy of Clark, Beerbower, and 
Kietzke (1967) after Wilson et al. (1968) had 
gone to press. On Clark and Beerbower’s cor- 
relation chart (fig. 24) the Norwood Tuff 
Formation is placed too high in relation to 
their “Vieja.” Potassium-argon dates given by 
Evernden et al. (1964), 36.0 m.y., 37.4 m.y., 
and 37.5 m.y. (all from one rock sample of 
the Norwood Tuff) agree very closely with 
36.5 m.y. and 36.8 m.y. for the Bracks Rhyo- 
lite of the Vieja Group. The Field Museum col- 
lection from the Vieja, the only one available 
to Clark, in reality includes only a part of the 
Porvenir |. The earlier Candelaria 1.f. which 
contains Epihippus, is Uintan; the later Little 
Egypt, Airstrip, and Ash Spring local faunas 
are Chadronian but were not known to Clark 
et al. In addition, Epihippus has been found 
only in the Halfway Member of the Duchesne 
River Fm. and not in the local fauna of the 
overlying Lapoint Member of the Duchesne 
River Fm. as indicated by Clark er al. 1967, 
fig. 24). | agree, however, with their placing 
the local faunas of the Randlett and Halfway 
Members of the Duchesne River Fm. in the 
Eocene and the local fauna of the Lapoint 
Member in the Oligocene. 

Since the survey by Wilson et al. (1968) of 
K-Ar dates pertinent to the problem of cor- 
relation of the Vieja Group, Swanson and 
Robinson (1968, p. D156) have reported a 
new K-Ar date from Ше “basal ash-flow tuff” 


of the John Day Fm., 36.4 + 1.1 m.y and a 
date of 41.0 + 1.2 m.y. from a “porphyritic 
rhyolite flow, ‘post-Clarno rocks’ near Horse 
Heaven mine." They tentatively assign the 
"post-Clarno rocks" to the Clarno Fm. and 
state (Swanson and Robinson, 1968, p. D157): 
“This rhyolite flow may be considerably older 
than the other 'post-Clarno' rhyolites, accord- 
ing to Waters and others (1951, p. 124), but 
it nevertheless dates at least the lower part of 
the ‘post-Clarno rocks’ as late Eocene or older 
age. On this basis, at least the lower part of 
the ‘post-Clarno rocks’ belongs to the Clarno, 
not the John Day Formation. . .”’ Also in foot- 
note 1 to their table 1 they state: “Тһе 32.0 
[KA 1384 of Evernden and James, 1964] and 
34.2 m.y. [KA 1204 of Evernden and James, 
1964] were obtained from soda sanidine and 
plagioclase phenocrysts, respectively, in bed- 
ded bentonite tuffs beneath the lower welded 
tuff of Member A [chosen by them as base of 
the John Day Fm.], one mile east of Clarno, 
and hence should be older than the lower 
welded tuff (36.4 + 1.1 m.y.) Тһе feld- 
spars in the bedded tuffs were subjected to in- 
tense weathering during alteration of the en- 
closed ash to bentonite, and they could have 
lost argon, giving rise to younger ages. For 
these reasons the 36.4 + 1.1 m.y. age may be 
more nearly correct." 

Wilson et al. (1968, p. 602) correlate “КА 
818, 37.5; KA 824A, 36.5 of the Clarno with 
36.5 and 36.8 of the Bracks Rhyolite" of the 
Vieja Group. The new date of Swanson and 
Robinson, 36.4 * 1.1 m.y. for the base of the 
John Day Fm. which directly overlies the 
Clarno Fm. supports this correlation. I suggest 
that the Little Egypt and Porvenir local faunas 
of Texas will correlate with a local fauna from 
the upper part of the Clarno Fm. and that the 
Candelaria l.f. will correlate with alate Eocene 
local fauna from the middle or lower part of 
the Clarno Fm. when the Oregon faunas be- 
come better known. 

A detailed discussion of an Eocene-Oligo- 
cene boundary will be deferred until more zo- 
ologic groups have been studied. 
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Fig. 2.—Idealized cross-section of Vieja Group after Schulenberg (1958) and Wilson et al. (1968). Base of 
Bracks Rhyolite is datum. See figure 1 and table | for letter symbols and numerals showing geographic strati- 


graphic positions of vertebrate faunas and K-Ar samples. 


SYSTEMATIC PALEONTOLOGY 


Class Mammalia 
Order Artiodactyla 
Family Agriochoeridae 
Genus Protoreodon 


Gazin (1955) made considerable progress in 
straightening out the complex relationship of 
the Late Eocene agriochoerids and reducing 
the number of genera and species. Without his 
efforts my task would have been a great deal 
more difficult. I agree with Gazin (1955) that 
Protoreodon more closely resembles Agrio- 
choerus and should be placed in the family 
Agriochoeridae rather than in the Merycoido- 
dontidae as was done by Thorpe (1937), 
Scott (1945), and Simpson (1945). In attempt- 
ing to identify the Texas agriochoerids it was 
necessary to review first hand the types and 
hypodigms of the species of Protoreodon in 
order to arrive at a conclusion regarding varia- 
tion. The fine Uinta Basin collections at 
Princeton from the Leota Ranch, and at the 
U. S. National Museum from Myton Pocket 
and Leland Bench Draw, form a basis for such 
a judgment. The combined Field Museum and 


Texas Memorial Museum collections of Agrio- 
choerus from the Porvenir |. also provide а 
sample that can serve as a basis for investigating 
variability in agriochoerids. 

Dental characters that did not change dur- 
ing evolution from Protoreodon to Agriochoer- 
us are: (1) the orientation of the posterior 
crest of the protocone in a direction approxi- 
mately at right angles to the direction of the 
anterior crest of Ше metaconule; (2) the ab- 
sence of ribs on the upper molars; (3) as in the 
merycoidodonts, presence of only two exter- 
nal cusps on ар?” and as іп Ше merycoido- 
dontids (and others). Ше caniniform Рі. 


Dental characters that changed during the 
evolution from Protoreodon to Agriochoerus 
are: (1) increase in size; (2) loss of protocon- 
ule; (3) molarization of p^: (4) reduction of 
upper incisors to two or none; (5) shift of 
anterior arm of entolophid from protoconid 
to valley between protoconid and metastylid. 

The characters listed above change gradual- 
ly through time. The earliest species of Proto- 
reodon and the latest species of Agriochoerus 
are easily distinguished but the addition of 
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intermediate forms has made Ше task of iden- 
tification more difficult. Protoreodon is char- 
acteristically associated with a late Eocene 
fauna; Agriochoerus is generally regarded as 
Oligocene. Apparently some authors have 
used the associated fauna to date and thus 
“identify” some taxa instead of using mor- 
phology. For example, Agriochoerus minimus 
Douglass 1902 from the Chadronian of the 
Thompson Creek beds, Montana, would only 
have been identified as Agriochoerus because 
of its association with Oligocene taxa. The 
retention of the protoconule in M? clearly 
identifies it as Protoreodon and is therefore 
transferred to P. minimus (Douglass). To 
identify it as Agriochoerus implies that at 
some time it had become part of a breeding 
population in which all five of the characters 
previously listed had been attained. Also im- 
plicit is the supposition that after their loss, 
characters 1, 2, and 4 were regained. It is 
more reasonable to consider Protoreodon as 
having survived into the Chadronian. 

Possible taxonomic interpretations of Protoreo- 
don. — Gazin (1955, p. 67, chart 2) shows a 
“suggested sequential arrangement of Eocene 
agriochoerids." Within the genus Protoreodon 
he suggests a line of larger forms derived 
from P. parvus of the Wagonhound leading 
through P. pumilus and Р. pumilus annectens 
to Agriochoerus. P. primus forms a side 
branch, distinguished from P. pumilus by 
narrower premolars, according to Gazin (1955, 
p. 57). A line of small forms leads from P. 
paradoxicus of the Wagonhound to P. peter- 
soni of the Myton. The last line does not show 
the development of a molarized P^ but does 
show a tendency for reduction of the proto- 
conule. For these reasons, Gazin (1955) sug- 
gests P. petersoni as a possible ancestor of 
Merycoidodon. 

In order to test the relationship of P. primus 
and P. pumilus as identified by Gazin (1955), 
measurements of the upper and lower pre- 
molars were compared. The results are given 
in tables 2 and 3. A comparison of these 
measurements with the observed range of 
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variation of premolar widths in the larger 
sample of Protoreodon from the Myton Pock- 
et in tables 4 and 5 shows by inspection that 
this difference between P. primus and P. 
pumilus is not significant. Protoreodon pumi- 
lus and Protoreodon primus are therefore 
synonymized here. 

Gazin (1955, p. 51) also established the 
subspecies P. pumilus annectens* for those 
larger more advanced forms leading to Agrio- 
choerus and having the molariform P^. AL 
though not mentioned by Gazin, he established 
at the same time, according to the Rules of 
Zoological Nomenclature, the subspecies P. 
pumilus pumilus, the type for which would 
be the type of P. pumilus. Unfortunately, the 
type of P. pumilus, YPM 11890, has neither 
an upper nor lower P4. Furthermore both 
subspecies are from approximately the same 
stratigraphic level and approximately (accord- 
ing to their labels) the same general locality. 
Therefore, a return to the procedure of using 
only species is followed here, and P. pumilus 
annectens is rejected. After the above synony- 
mies, two lines of protoreodonts remain on 
Gazin’s chart 2; one of large and the other of 


small forms, the latter with the unsplit P^ lead- 
ing toward Merycoidodon and the former, by 
implication (Gazin, 1955, p. 50, 53), with the 
split p^ leading toward Agriochoerus. [l use 
the term "split" P^ to refer to the condition 
of the external cusp in the process of dividing. 
Itis "split" if the cusp has a groove or separate 
cusps (para-and metacones), no matter how 
much separation occurs. It is **unsplit" if there 
is no evidence of a groove. | 

The discovery of a small Protoreodon with 
a split P* in the Candelaria local fauna and 
the identification of ““Agriochoerus”’ minimus 
as Protoreodon minimus, also with split p^. 
complicates the picture. Furthermore, some 


*The locality data given on the label for Protagriochoerus 
annectens, AMNH 1818, is “Еосепе, Uinta, Base C, Loc. Du- 
chesne R., White R., Utah, Am. Expd., 1894." Gazin (1955, 
p. 67, chart 2) gives the stratigraphic range of P. p. annectens 
from Myton Pocket to Randlett and does not extend it down 
to White River or White River Pocket. 
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Fig. 3.—Possible taxonomic arrangement of Late Eocene and Early Oligocene protoreodonts proposed in this 
paper: two polymorphic species groups, one of large forms, the other of small forms leading to merycoidodonts 


and Agriochoerus. 


large specimens at the Carnegie Museum, one 
of which is the type of P. medius, that was 
synonymized by Gazin (1955, p. 49) with P. 
pumilus, have the unsplit P^. Also, addition- 
al specimens similar to P. pumilus in size hav- 
ing unsplit P^'s are in the collections of the 
Los Angeles County Museum and the Univer- 
sity of California, Berkeley. The hypodigm of 
Gazin's P. pumilus, because it contains the 
synonymized P. medius which has an unsplit 
p^. must therefore include the large forms 


that show P* becoming molariform (split) and 
some that do not (unsplit). 

Gradations from a single primary cusp, to 
barely separate, to fully separate para-and 
metacones can be found in the larger proto- 
reodonts from the “Myton” of the Uinta Ba- 
P. pumilus is therefore polymorphic 
with respect to the molarization of E 

From evidence already presented (p. 8), the 
Chadronian *'Agriochoerus" minimus Doug- 
lass is a species of Protoreodon. It, together 
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bers refer to specimens as follows: 
. petersoni 
. petersoni 


Fig. 4.—Length of M! plotted against length of МЗ for specimens of Protoreodon and Agriochoerus. Num- 
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sp. 
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pumilus 


. pumilus 
. pumilus 
. pumilus 
. medius 
‚ pumilus 
. tardus 

. pumilus 
a Sp 


sp. 


. primus 
. cf. primus 
. cf. primus 


cf. primus 

sp. 
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Type PU 11234 
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Type PU 10398 
UMICH 12957 
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Type CM 709 
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AMNH 38932 
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Beaver Divide 
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Myton 

Myton 
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Leota Ranch 

Leota Ranch 

Leota Ranch 

Porvenir l.f. 

Badwater, Wyo. 

Sage Creek, Mont. 

Porvenir l.f. 

Porvenir l.f. 

Porvenir l.f. 

Porvenir l.f. 

White R., Coral Draw, S. 
White К., S. 

White R., Coral Draw, S. 
Low Oreodon Beds, S. 
Cedar Draw, Oreodon Beds, S. 
Cedar Draw, Oreodon Beds, S. 
Low Oreodon Beds, S. 
Low Oreodon Beds, S. 
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Lower Brule, S. 
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with а small Protoreodon from the earlier 
Candelaria local fauna, seems to represent a 
line of small protoreodonts with split P*'s. 
The question now arises as to whether such a 
line is recognizable at the specific level. In 
addition, should a line of large forms with 
unsplit P^'s be recognized? This would re- 
sult in four lines of protoreodonts, large and 
small with split P*’s and large and small with 
unsplit P^'s. Three of these, the large and 
small unsplit, and the large split are known 
in collections from the Myton of the Uinta 
Basin. 

One is faced with at least three nomencla- 
tural alternatives. First, making each morpho- 
logically distinct assemblage a species, and 


thereby implying genetic isolation regardless 
of whether they occur at the same time in 
the same area. Second, making each morpho- 
logically distinct assemblage a subspecies and 
thereby implying partial genetic isolation re- 
gardless of whether they occur at the same 
time in the same area. Third, grouping to- 
gether assemblages that are thought to have 
been capable of interbreeding and extending 
this taxon through time to arbitrarily designat- 
ed boundaries (fig. 3). The third method 
applied to the Late Eocene and Early Oligo- 
cene agriochoerids would necessitate further 
synonymizing, particularly of the small early 
forms beyond that already proposed by Gazin 
(1955). It would result in fewer but more 


Fig. 5.—Length of M] plotted against length of M3 for specimens of Protoreodon and Agriochoerus. Num- 


bers refer to specimens as follows: 
l. P. paradoxicus 


Type PU 11234 


2. P. parvus YPM 11891 
3. P.pumilus PU 14644 
4. Р pumilus CM 12080 
5. P.pumilus 31281-1 
6. P. pumilus USNM 20352 
7. Р. pumilus USNM 20351 
8. P. pumilus USNM 20449 
9. P. pumilus USNM 20446 
10. P. pumilus USNM 20432 
11. P. pumilus USNM 20350 
12. P. pumilus USNM 20424 
13. P. petersoni Type PU 14404 
14. P. petersoni PU 14401 
15. P. petersoni 31281-7 
16. P. petersoni 31281-14 
17. - Р, primus PU 16537 
18. P. primus PU 16356 
19. P. primus PU 18729C 
20. P. primus PU 18729E 
21. P. primus PU 16360 
22. Р. primus Type CM 11893 
23. P. pumilus 40205-1 
24. P. pearcei Type USNM 20305 
23. Бар. UMICH no number 
26. А. antiquus FMNH PM 81 
27. А. antiquus FMNH PM 4 
28. А. antiquus FMNH PM 7 
29. А. sp. АМКН 38932 
30" А. ар. AMNH 38843 
dhane Абд. AMNH 9808 
32. А. antiquus dakotaensis УРМ 12665 
33. А. antiquus dakotaensis УРМ 12666 
34. А. antiquus antiquus YPM 12659 
35. А. latifrons PU 10200 
36. A. sp. USNM 2497 
33. 1-30. Sp. IGM 65-34A 
Be: hss BD: IGM 65-34B 
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variable species, and recognition of these spe- 
cies would be greatly facilitated. The samples 
of some of the species are so small, however, 
synonymizing is not possible. 

Distinction between Protoreodon and Agriochoe- 
rus.— As Gazin (1955, p. 47) aptly points out, 
much of the taxonomic confusion relates to 
the redundance of generic names. This is part- 
ly understandable because of the gradual 
change from Protoreodon to Agriochoerus 
and the taxonomic attempts to recognize this 
as reflected in Scott's 1899 proposal of “Рио - 
agriochoerus" and Peterson’s 1934 proposal 
of "Mesagriochoerus." As previously men- 
tioned, the stratigraphic position of AMNH 
1818, the type of "Protagriochoerus annec- 
tens" is given as “Uinta Base C." The strati- 
graphic position of CM 11893, the type of 
"Mesagriochoerus primus”, is Randlett. From 
evidence to be presented later I conclude that 
Protoreodon changed to or at least toward 
Agriochoerus several times during Late Eocene. 
Or to phrase it differently, the mutations or 
changes in gene frequencies characterizing 
Agriochoerus spread through the population 
at different times and places over many genera- 
tions of Protoreodon. Agriochoerus seems to 
have evolved more than once, making the 
problem of nomenclature even more difficult. 


Figure 4 is a plot of the lengths of M! 
against the lengths of M? of all Protoreodon 


and Agriochoerus available to me at several 
museums from various stratigraphic levels 
(see key to fig. 4). The plot shows four 
groups: small, medium, large, and super. 
The small and medium groups represent vari- 
ous species of Protoreodon and the large and 
super contain various species of Agriochoerus. 
The combination of dental characters that | 
attribute to Protoreodon are: the retention of 
the protoconule on one or more adult molars, 
the orientation of the posterior crest of the 
protocone, and small size. Protoreodon pearcei 
from Badwater (Gazin, 1956) and Sage Creek, 
Wyo. (Hough, 1955) is a questionable inter- 
mediate form (fig. 4, nos. 34, 35; also 
tables 19, 20) but it retains the proto- 
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conule which is more characteristic of Proto- 
reodon. A plot for length of Мз against Mi 
is shown in figure 5. Figures 4 and 5 seem to 
reflect allometric growth in molar tooth size. 

Distinction between species of Protoreodon.— 
Attempts to determine species within the 
genus Protoreodon were made by an analy- 
sis of the collections from the Uinta Basin, 
Utah, first by grouping all protoreodonts from 
each stratigraphic level, and second by com- 
bining all protoreodonts of one size group 
from several stratigraphic levels. 

Although Protoreodon is one of the best 
known late Eocene artiodactyls, large samples 
from different "fields" (MacIntyre, 1966) at 
the same stratigraphic level, or large samples 
from the same "field" at different strati- 
graphic levels, are very few. The sample of 
Protoreodon from various stratigraphic levels 
within the Uinta Basin, Utah was the only 
one, as of the early 1960’s, approaching suf- 
ficient size for a statistical analysis. Even so, 
it was necessary to group samples from sever- 
al localities into approximate stratigraphic 
levels (fig. 6). Protoreodonts from localities 
in the upper part of Uinta B or Wagonhound 
and from the lower part of Uinta C or Myton 
were lumped together as “high B--low C" to 
obtain a larger sample. Protoreodonts from 
the localities Leland Bench Draw, Myton 
Pocket, and Leota Ranch were lumped to- 
gether as “Myton.” The highest stratigraphic 
level combined protoreodonts from Randlett, 
Halfway, and Chadronian. 

Figures 7, 8, and 9 are plots of the length 
of M! against the length of M? of protoreo- 
donts for the samples from the three strati- 
graphic levels previously mentioned. Figure 
7 is a scatter diagram showing the length of 
M' vs. M? for protoreodonts from the Uinta 
Basin "high B-low C." Tables 6 and 7 show 
data of the tooth measurements of these forms 
excluding AMNH 1818 (the type of “Protag- 
riochoerus ” annectens and Protoreodon pumi- 
lus annectens) which is obviously too large to 
fit the rest of the sample. The remainder of 
the sample, although small, has sufficiently 


large V’s to show it probably includes more 
than one species, following Simpson, Roe, and 
Lewontin (1960, p. 91). The small forms are 
exemplified by P. parvus. 

Figure 8 is a similar plot for species of Prot- 
oreodon from the Uinta Basin “Myton” level. 
Tables 4 and 5 show an analysis of the tooth 
measurements of the larger forms only; P. 
petersoni is obviously different and was there- 
fore excluded. The V’s are reasonable with 
two exceptions, for a single population. The 
high V’s in canine length and width may indi- 
cate sexual dimorphism. However, it is diffi- 
cult when measuring to be sure of consistent 
degree of eruption in canines. 

Figure 9 is a similar plot for all referred prot- 
oreodonts that occur stratigraphically higher 
than “Myton.” It includes Baser Bend (Rand- 
lett), Halfway, Candelaria 1.f. and Chadronian. 
This plot is also divisible into large and small 
forms but the samples of each are too small to 
treat statistically. 

The results of the second analysis made: by 
combining all protoreodonts of one size group 
from several stratigraphic levels are presented 
in tables 8, 9, and 10 and were calculated to 
see if the group of all small forms from the 
three stratigraphic levels had coefficients of 
variation characteristic of a single species. 

Table 8 is a statistical analysis of all small 
protoreodonts from the three stratigraphic 
levels. The V’s are high, as one would expect 
from a sample taken from such a long strati- 
graphic range. It is reasonable to assume more 
than one species is included. It is possible, 
however, to exclude four specimens, and in 
table 9, to show that the remaining sample of 
10 has parameters one would expect in a single 
population. But in doing this, samples from a 
single field, western Montana (McCarthy’s Mt. 
and Thompson Creek), are separated. When 
larger samples are known from each field it 
may be possible to distinguish different species, 
but this is not proposed now. 

Table 10 contains statistical data of all med- 
ium-sized protoreodonts from all fields and all 
stratigraphic levels. The V's for the measure- 


ments of the canine and premolars are high 
but the V's for other measurements are about 
normal for a single species. When larger samples 
are available, however. population differences 
may show up. 

Summary of discussion of species. —Small pro- 
toreodonts of the late Eocene are known 
presently from only two "fields", the Uinta 
Basin and the Vieja area. The sample of each 
is very small, but in the combined sample the 
V's are too large for a single population. For 
convenience, all the small forms, Eocene and 
Oligocene, are referred to as the Protoreodon 
parvus species group. This includes P. paradoxi- 
cus, P. minor, and P. petersoni, all from the 
Uinta Basin. No attempt at synonomy is made 
because the sample size is too small to make a 
proper judgment as to whether they are sepa- 
rate species or different populations. The 
small Protoreodon from the Candelaria l.f. is 
referred to P. petersoni for reasons stated on 
page 23. 

The medium-sized protoreodonts of the 
late Eocene and Oligocene are less variable in 
their dental dimensions (table 10). Within 
this group, however, are forms with split and 
unsplit P^'s. The coefficients of variation for 
the combined sample are similar to that of a 
single population, although four widely sepa- 
rated “Пе! 48” are represented: Utah, Wyo- 
ming, Texas, and California. However, samples 
of medium-sized protoreodonts from *'fields" 
other than the Uinta Basin are still small and 
it may well be that large samples or measure- 
ments other than those used will permit sepa- 
ration of species. For the present, medium- 
sized protoreodonts from Texas are referred to 
P. pumilus. For convenience and in recogni- 
tion of the possibility that the California or 
the Texas forms may eventually prove differ- 
ent, I refer to them as the P. pumilus species 
group. At present, however, only one species 
can be demonstrated. 
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Fig. 6.—Arbitrary grouping of localities within the field, Uinta Basin, іп part after Gazin (1955), Speci- 
mens from localities were grouped for statistical purposes. 


GENUS AGRIOCHOERUS 


Although there is no attempt here to revise 
Agriochoerus | had sufficient measurements of 
several species from various localities (see key 
to figs. 4 and 5) to compile statistical data 
(tables 11, 12). The V’s hardly warrant the 
number of species and subspecies that are re- 
ported in the literature. Tables 13 and 14 show 
the statistical variation of the sample of Agrio- 
choerus from Ше Porvenir l.f., a single “field.” 

Presence of Protocomile.— A protoconule is 
characteristic of the molars of Protoreodon 
and its absence is just as characteristic of Ag- 
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riochoerus and the oreodonts. The sample of 
Agriochoerus from the early Oligocene Por- 
venir l.f. retains, primitively, a protoconule оп 
8 of 17 of the first molars (table 18). However, 
none is present on the second or third molars. 
From evidence to be presented later, Bathy- 
genys and Merycoidodon dunagani n. sp. both 
merycoidodonts, have a protoconule on ар” 

Bathygenys occasionally has а protoconule оп 
M', but not on the other molars. The proto- 
conule, because it is still present on the an- 
terior molars, seems to have been progres- 
sively lost from M? forward in the agriochoer- 
ids and merycoidodonts. The same conclusion 


was reached by Gazin (1955, p. 59) for P. 
petersoni. 

Molarization of P^— Stages in the development 
of a molarized p^. so characteristic of Agrio- 
choerus, are represented in various specimens 
from the Late Eocene of the Uinta Basin and 
the Early Oligocene of the Vieja Group. The 
P^ on the latest Agriochoerus from the Brule 
Fm. has four well-developed selenes. The pos- 
terointernal selene is usually not as large as the 
anterointernal selene but nonetheless it is a 
seleneform cusp. 

The more usual artiodactyl P^ has a single 
external cusp and a single crescentic internal 
cusp. As previously mentioned, the external 
cusp in Protoreodon shows all variations from 
single or unsplit, to grooved, to double or 
split. The external cusps on a split P^ are re- 
ferred to here as the paracone and metacone. 
Figure 10 gives the distance between para- 
and metacone plotted against the total length 


of P^ 
The Uintan protoreodonts have a two or a 


three cusped В ГА skull, UCMP 31872, be- 
longing to the Protoreodon parvus species 
group from near Ouray and Randlett has a 
single external cusp but in the position where 
a posterointernal cusp would develop, the 
posterior cingulum is expanded, and a ridge 
connects this swelling with the posteroexter- 
nal end of the posterior arm of the selene. 
On this tooth there is evidence for the begin- 
ning of the posterointernal selene but no еуі- 
dence of a division of the external cusp into 
para-and metacones. 

Well-developed para-and metacones аге 
found on the P^ of 31281-14 (fig. 11 H). A 
small cusp is present on the posterior cingu- 
lum, but there is no ridge, connecting the 
cingular cusp to form a selene. 

A cusp is present on the posterior cingu- 
lum of CM 11893 (the type of Mesagriochoe- 
rus primus) from the Randlett (fig. 11 G). A 
very slight ridge leads to the posterointernal 
base of the external cusp. In CM 11904 (the 
paratype of Mesagriochoerus primus) trom 
the Halfway, the internal selene connects 


with the posterior cingulum which bears the 
cusp (fig. 11 F). A small isolated cusp is found 
at the posterointernal position at the base of 
the external cusp. 

Protoreodon pumilus, FMNH PM 21 (fig. 
11 D), from the Porvenir Lf. has a separate 
cusp at the posteroexternal base of the inter- 
nal cusp as well as a swelling on the postero- 
cingulum. 

Protoreodon minimus, CM 9988 (fig. 11 C), 
from McCarthy’s Mt., Mont., has a separate 
cusp between the metacone and the internal 
cusp. The separate cusp, which is very small, 
is connected to the posterior cingulum. 

Agriochoerus from the Porvenir |. shows 
considerable variation but no specimens have 
the posterior selene as well developed as the 
Brule specimens. The two extremes are illus- 
trated in figure 11 B, FMNH PM 7 and figure 
11 A, 40206-27. FMNH PM 7 is more like the 
later forms of Agriochoerus and has two 
small cusps on the anterointernal base of the 
metacone, which are separate from the pos- 
terior cingulum. An expanded cusp at the in- 
ternal base of the metacone which is connect- 
ed to the posterior cingulum, thus forming a 
small selene, is found in 40206-27. Both speci- 
mens are from the same stratigraphic level 
within the Chambers Tuff Fm. There is only 
a small cusp on the posterior cingulum of 
40203-23 (fig. 11 E). 

Molarization of P^ from Protoreodon to 
Agriochoerus takes place by the development 
of a cusp on the posterior cingulum, and a 
separate internal cusp at the base of the meta- 
cone. The cusps are joined by a ridge to form 
the posterointernal selene. 

Peterson (1934, p. 379) mentions: 


“Тһе two distinct vertical ribs or styles on the internal 
face of the protocone of P4 in Protagriochoerus, ... 
have in the present genus advanced even farther... 
This structure of P4 in our present specimen [Peterson 
is here referring to the type of Mesagriochoerus pri- 
mus, CM 11893] is so plainly evident that there can 
be no question as to the subsequent division of this 
tubercle into the proto-and triticone, a step still fur- 
ther advanced in Agriochoerus minimus Douglass from 
the Thompson Creek Oligocene of Montana . . 
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The vertical ribs or styles that Peterson de- 


scribes as a groove on the P* of CM 11893 do 
not seem to be more advanced than the condi- 


tion in “Protagriochoerus annectens”, AMNH 


1818. The grooved P^ of the paratype of 
"Mesagriochoerus primus” CM 11904 is about 
the same as that of the type. The stratigraphic 
positions of these specimens, however, is very 
different: AMNH 1818 comes from the base 
of Uinta C, CM 11893 from the Randlett 
Mem. and CM 11904 from the Halfway Mem. 

My interpretation of the development of 
the posterior selene on the P^ of Agriochoerus 
is almost the same as that given by Peterson 
(1934). He does not, however, mention the 
presence of the accessory cusps at the base of 
the metacone. In addition, Peterson (1934, p. 
381) draws a much broader conclusion than 
| am willing to accept. He states: 


"Not only in Agriochoerus, but also in the oreo- 
donts and other selenodont artiodactyls, it is certain 
that the posterointernal crescent [on the molar 
teeth] is similarly constructed to that in P4 of 
Agriochoerus. " 


Molarization of P4.— The change in P, from 
Protoreodon to Agriochoerus is more subtle 
than that in the P^. but the effect is molariza- 
tion. The anterior arm of the entolophid in 
Protoreodon connects with the protoconid. In 
Agriochoerus it shifts internally to the valley 
between the protoconid and the metastylid. 
This minor shift accentuates a posterior selene. 

Recurrence of split P*.—An early stage of the 
split P^ occurs in the type of P. parvus, PU 
10398, a small form from Uinta B. A moder- 
ate split is found in the P^ of the small Pro- 
toreodon from the Candelaria l.f. which here 


Fig. 7.—Length of M! plotted against length of МЗ 
for sample of protoreodonts from Uinta Basin “high 
B-ow C." Numbers refer to specimens as follows: 
1. PU 11234 type P. paradoxicus, Uinta B or Low 
C, mouth of White R.; 2. USNM 20674 P. minor, Low 
C, Devil's Playground S. Kennedy's Hole; 3. PU 10398 
P. parvus type, Uinta B; 4. YPM 11891 P. parvus, 
Uinta B?; 5. CM 3033 P. minor, White R. near Ouray; 
6. CM 11980 P. sp., White R. pocket Uinta B; 7. CM 
11961 P. sp., White R. pocket Uinta B; 8. UMICH 
12957 P. sp., W. side Duchesne R. Uinta B or Low 
C; 9. AMNH 1818 P. annectens type, near White R. 
Low C. 


is correlated with Uinta C. The paratype of 
the middle-sized P. primus, CM 11904, from 
the Halfway, has a grooved or just barely split 
P^. Protoreodon minimus, CM 9988, from 
McCarthy's Mt., Mont. has only a moderate 
separation of para-and metacone on P^. These 
occurrences of a partial separation are found 
at four different stratigraphic levels. 


The possibility that the split P^ occurs sev- 
eral times seems likely. With this in mind I 
measured the distance between the centers of 
the para-and metacones as a proportion of the 
total lengths of the tooth (table 15). The 
largest sample is that of Agriochoerus from 
the Porvenir 1.#. The OR for a sample of 6 
is from 794-54, , or almost from 1/3 to 
1/2 the total length of the tooth. This pro- 
portion already had been reached by P. pearcei, 
a large form found at Badwater, Wyo. Samples 
at each stratigraphic level are small but they 
suggest that split P^ was occurring in small 
and medium-size protoreodonts during the 
span of time represented from Uinta B to 
Halfway. They also suggest that the observed 
variation represents variation in time. In 
other words, the low ratio measured in P^ of 
P. minimus, the latest known species, can be 
interpreted as a recently acquired character 
and not necessarily derived from Protoreodon 
parvus, the earliest known species, that had 
been inherited unchanged as a split P^ from 
the Uinta B level. If split P^ is recurrent, 1 
postulate a conservative population without 
split P^ that gave off successive populations 
in which split P^ became fixed. When this 
was accompanied by those characters listed 
on page 7, the threshold to Agriochoerus 
was crossed. According to this interpretation, 
Protoreodon evolved into Agriochoerus at 
least twice. A similar interpretation is made 
by Toerien (1955) for the anomodont genus 
Oudenodon. 

Summary of evolution, — The earliest and most 
rapid evolutionary succession may well have 
been from the Uinta B P. parvus to P. pumilus 
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to P. pearcei to. A. maximus. This line evolved 
rapidly, developing a split P^ and increasing 
in size so that by Chadronian time it culminat- 
ed in the largest known species of Agrio- 
choerus, A. maximus. During the late Uintan 
a group of small—to medium-sized protoreo- 
donts with unsplit P^'s persisted, and forms in 
which this character became fixed gave rise to 
the merycoidodontids. P. petersoni, as stated 
by Gazin (1955), is the most likely ancestor 


for this line. From the same gene pool to which 
P. petersoni belonged, successive forms with 
the allele for split P^ were given off and an 
Agriochoerus level was reached again in the 
Porvenir 1.Ї. The last occurrence of this phe- 
nomenon of split P^ is in Protoreodon mini- 
mus of the Chadronian of Montana. 

A first spin-off from Protoreodon to Agrio- 
choerus may have started with P. pumilus, 
exemplified by AMNH 1818 (the type of 
"Mesagriochoerus annectens”) that was found 
at the base of Uinta C. This specimen must 
represent a population of large forms in the 
process of molarizing P^. Protoreodon pearcei 
represents a still larger form, about the size of 
A. antiquus. Protoreodon pearcei could evolve 
into the giant Chadronian A. maximus. At 
each stratigraphic level, except possibly “high 
B-low С”, size serves to distinguish these 
species. In the Little Egypt 1.f. from Chihua- 
hua, Mexico, an Agriochoerus the size of A. 
maximus is almost half again as large as A. 
antiquus, which in turn is half again as large 
as P. pumilus. 

The second, later spin-off from P. pumilus 
took place when P. pumilus of the “Myton”, 


Fig. 8.—Length of M! plotted against length of M3 
for sample of protoreodonts from Uinta Basin “Му- 
ton." Numbers refer to specimens as follows: 1. PU 
14401; 2. PU 14404; 3. PU 14403, all P. petersoni, 
Myton Pocket; 4. USNM 20454, P. sp.; 5. USNM 
20449, P. pumilus; 6. USNM 20352, P. pumilus; 7. 
USNM 20590, P. sp.; 8. USNM 20351, P. pumilus, 


all Leland Bench Draw; 9. CM 2962, P. medius, type, 


6 mi. E. Myton; 10. CM 2365, P. sp., Myton Pocket; 
11. PU 14644, P. sp., Myton Pocket; 12. CM 3178А, 
P. sp., Myton Pocket; 13. PU 16352, P. sp., Leota 
Ranch; 14. PU 16353, P. sp., Leota Ranch; 15. PU 
16354, P. sp., Leota Ranch. 


a medium-small form as compared to its con- 
temporary P. pearcei, gave rise to Agriochoer- 
us of the early Chadronian. A central stock 
of medium-small P. pumilus continued through 
the Porvenir 1.f. to the Little Egypt 1.f. 
Alternatively it is possible that in Proto- 
reodon the intermediate ratio of split P^ be- 
came fixed, and forms with ratios of about 
1/4 to 1/3 are no longer changing, but have 
gone as far as they will go toward the de- 
velopment of a molariform tooth. Although 
| cannot offer definite evidence to the con- 
trary, 1 do not favor this interpretation be- 
cause I doubt that shifts toward Agriochoerus, 
once initiated, would be interrupted at a 
halfway stage. 
Family Merycoidodontidae 
The merycoidodonts must have risen about 
the same time as Agriochoerus from stocks of 
protoreodonts that retained the unsplit p^. 
Evidence that will be presented later sug- 
gests that the small protoreodonts with un- 
split P^'s gave rise to Bathygenys whereas the 
large protoreodonts with unsplit Р“ gave rise 
to Merycoidodon, and the larger Chadronian 
oreodonts. Merycoidodon and Bathygenys 
occur together in the Little Egypt Lf. in the 
upper part of the Chambers Tuff Fm. which 
underlies the Bracks Rhyolite dated as 36.5+ 
1.2 m.y and 36.8 m.y. These are the oldest 
identifiable merycoidodonts but it should be 
mentioned that the merycoidodont genus and 
species indeterminate, no. 1, described on p. 
46 is from the older Porvenir 1.1. 
SYSTEMATIC DESCRIPTIONS 
Family Agriochoeridae 
Genus Protoreodon Scott and Osborn 1887 
Synonyms.— Еотеғух Marsh, 1894 
Hyomeryx Marsh, 1894 
Agriotherium Scott, 1898 (not Wagner, 1837) 
Chorotherium Berg, 1899 
Protagriochoerus Scott, 1899 
Mesagriochoerus Peterson, 1934 
Agriochoerus (part) various authors 


Type.— Protoreodon parvus Scott and Os- 
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born, 1887, PU 10398. 

Definition.— Small to medium-sized artio- 
dactyls with protoconule on adult molars, 
caniniform P,, P^ with single primary cusp 
or with separate para-and metacones, ар? 
with two external cusps, ribs weak or absent, 
posterior crest of protocone oriented approxi- 
mately at right angles to direction of anterior 
crest of hyposelene. 

Discussion.—To the discussion of Prot- 
oreodon by Gazin (1955) I can only add the 
need to change Agriochoerus minimus Doug- 
lass 1902 to Protoreodon minimus (Douglass) 
because of the retention of the protoconule on 
all molars and the approximately equal size of 
M! and M^. My views on the taxonomy of the 
other species have been set forth previously. 


PROTOREODON PETERSONI Gazin, 1955 
Candelaria lacal fauna 
Figs. 11H; 12-15; Table 16 

Type.—PU 14404, skull and jaws and 
other skeletal portions, Uinta C, Myton Pock- 
et, Uinta Co., Utah. 

Material from Texas.—YMM 31281-4, а 
basicranium ; 31281-14, skull with C, P', dP’, 
dP”, P^-M? and lower jaws with I, з, P4, dP, 
арз, Ра, М, з; 40276-2 а Баѕіёгапішт; 
40276-4, lower jaw fragment with dP}, ард, 
M,; 40498-5, three associated upper molars; 
40630-19, skull fragment with broken p^. 
M!-?; 40630-24, fragmentary skull. 

Stratigraphic position. —From within 10 
feet of base of Colmena Tuff Fm. to 145 ft. 
above base of the same formation. Correlated 
with Uinta C. 


Fig. 9.—Length of Ml plotted against length of M3 
for sample of protoreodonts from stratigraphic levels 
higher than “Myton.” Included are Baser Bend (Rand- 
lett) and Halfway, Utah; Candelaria 1.f., Tex., and 
Chadronian. 

1. UWYO 930, P. minimus, Rattlesnake Hills, Wyo. 
2. CM 9988, P. minimus, McCarthy's Mt., Mont.; 
3. СМ 709, P. minimus, type, Thompson Creek, 
Mont.; 4. IGM 65-62, P. pumilus, Ojinaga, Mex.; 
5. CM 11904, ‘‘Mesagriochoerus” primus, paratype, 
Upper Halfway, Utah; 6. CM 11893, “Мезавтіосһоет- 
us" primus, type, Randlett, Utah; 7. FMNH PM 21, 
P. pumilus, Porvenir 1.f., Texas. 


Diagnosis. Small protoreodonts with or 
without separate para-and metacones on P^. 
Smaller than P. parvus, and P. paradoxicus, 
and with more selenodont-shaped para-, meta-, 
and hypocones than P. minor. Protoconules 
more prominent than on P. minimus. Bullae 
slightly inflated. 

Discussion. — The associated skull and lower 
jaws, 31281-14 (figs. 12-14) are well-preserved 
and serve as a basis for the following descrip- 
tion. P^ is just erupting and the premolars an- 
terior to it except P' are deciduous. The pri- 
mary cusp on P^ has split into distinct para- 
and metacones. The protoconule is prominent 
on all the molars. Two small upper incisors are 
present and І cannot be certain of an alveolus 
for a third. The bullae (fig. 15) were slightly 
inflated, less so than in Agriochoerus but 
more than in Merycoidodon. 

The small Texas Protoreodon can be includ- 
ed in the sample of P. petersoni without 
raising the value of the coefficients of varia- 
tion beyond those characteristic of a single 
species. The types of P. parvus and P. minimus 
(tables 8 and 9) fall outside this sample. 

This assignment broadens the original con- 
cept of P. petersoni by including forms with 
the split P^. Alternatives, all perfectly feas- 
ible, were rejected because it was felt that 
they would needlessly complicate the nomen- 
clature. 

No postcranial material can be assigned to 
the Candelaria P. petersoni. 


PROTOREODON PUMILUS (Marsh) 1875 
Candelaria local fauna 
Fig. 16A 
Synonyms 
Protagriochoerus annectens Scott, 1899 
Protoreodon medius Peterson, 1915 
Protoreodon primus (Peterson), 1934 
Protoreodon tardus Scott, 1945 
Protoreodon pumilus annectens Gazin, 1955 
Туре -YPM 11890, lower jaw fragments 
with right M, and parts of M, and М; ; left 
M, and skeletal fragments. Near White River, 
Uinta Basin, Utah. Uinta C vide Thorpe (1937). 
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Material from Texas.—TMM 40497-2, inter- 
nal half of right М! and M^ with antero-and 
posteroexternal halves of м!-м?; 40630-18, 
right ramus with C-M, апа anterior half of 
M5; 31281-1, left ramus with broken Ра, P4- 
M, and fragmentary M3. 

Diagnosis.—Large protoreodonts with or 


without separate para-and metacones on P^. 
Protoconules present or absent on M+. Smaller 
than and not as robust as P. pearcei. 
Stratigraphic position. —From within 20 feet 
of the base of the Colmena Tuff Fm. to 145 
feet above the base of the same formation. 
Discussion.—Gazin (1955, p. 49) discusses 
the status of the holotype of P. pumilus and 
designates the type as YPM 11890. He identi- 
fies YPM 11890a as P. parvus. With this pro- 
cedure and identification Г agree even though 
it necessitates having a very fragmentary jaw 
as the type of P. pumilus. 
| have already discussed the stratigraphic 
position of Protoreodon pumilus annectens 
and my reasons for rejecting this subspecies. 
There are two very distinct size groups of 
Protoreodon in the Candelaria local fauna; the 
larger one agrees with P. pumilus. The upper 
teeth are represented by fragments but their 
size corresponds with the well-preserved lower 
jaw, 40630-18, fig. 16A. In this individual the 
C is spatulate with the blade of the tooth 
oriented almost anteroposterior. It is separat- 
ed from the P, by a diastema 3.1 mm. long 


at the alveoli. P, is large and caniniform. The 
anterior portion of P, is broken but it was 
two-rooted and the posterior half is not 
grooved. There is no diastema between P, and 
P5, but P, is separated from Ра by a diastema 
2 mm. long at the alveoli. P4 has the early 
stage in the molariform development. The 
wear surface on the hypoconid crest is cres- 
centic and the entoconid crest is sufficiently 
developed to show a wear surface. These sur- 
faces are low on the posterior portion of the 
tooth which still retains a high protoconid, 
and gives the tooth a premolariform struc- 
ture from an external view. The crest from 
the protoconid to the paraconid forms a 
sweeping curve, opening internally. The para- 
conid in 40630-18 is present but is not greatly 
expanded anteroposteriorly. The molars fall 
within the observed size range of P. pumilus 
from Myton Pocket and do not differ from 
them morphologically. 


PROTOREODON PUMILUS (Marsh) 1875 
Porvenir local fauna 
Figs. /16В, C; 17 
Synonyms and type.—See p. 23. 

Material.— FMNH PM 20, left MIM”; 
FMNH РМ 21, P^-M? ; TMM 40203-23, left 
P^-M': 40212-4, left frag. dP^, dP^-M'; 
40688-8, right dP°-dP*; FMNH PM 85, left 
Pa; ТММ 40205-1, lower jaw with Рз, M,-M;; 
40205-2, M,-M;; 40207-1, lower jaw with 





Fig. 10.—Distance between para-and metacones plotted against total length of P4 in some specimens of 
Protoreodon and Agriochoerus. Measurements taken from apex of unworn cusp or center of facet on worn 
cusps. The following specimens were measured and are plotted: 


1. 31218-14 P. petersoni е 
2. СМ 11904 paratype Р. primus aliway, Uta 

3. CM 9988 UTE P. minimus McCarthy's Mt., Mont. 
4. СМ 709 type P. minimus Thompson Cr., Mont. 
в. CM 12080 P. pumilus Randlett, Utah 
6. CM 11893 P. primus Randlett (type P. primus) 
7. ЕММН PM 21 P. pumilus Porvenir 1.4. 
8. 40203-23 A. antiquus Porvenir l.f. 
9. TMM 1059 A. antiquus Porvenir L.f. 
10. USNM 20305 P. pearcei Badwater, Wyo. 
11. 40206-27 А. antiquus Porvenir 1,4. 
12. FMNH РМ 7 А. antiquus Porvenir l.f. 
13. OU 44-2-523 A. antiquus Porvenir l.f. 
14. FMNH PM 64 A. antiquus Porvenir Lf. 
15. CM 749 type A. maximus Little Pipestone Cr., Mont. 
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Fig. 11.—Variation in molarization of P4 of Protoreodon and Agriochoerus. A. 40206-27, Agriochoerus 
antiquus Porvenir l.f.; cusp on posterocingulum connected to cusp at base of paracone ; the most advanced 
P4 for Agriochoerus in the Porvenir 1. B. FMNH РМ 7, А. antiquus, Porvenir 1.Ї.; cusps on posterocingulum 
and base of paracone not joined. C. CM 9988, Protoreodon minimus, McCarthy's Mt., Mont.; cusp on cin- 
gulum and base of paracone joined. D. FMNH PM 21, P. pumilus, Porvenir 1.f.; cusp on posterocingulum and 
base of protocone not joined. Е. 40203-23, P. pumilus, Porvenir l.f.; cusp on posterocingulum only. Е. CM 11904 
"Mesagriochoerus primus" paratype, Halfway; cusp at base of grooved external cusp and on Ka NTI сие 
БӨ ш FE EP p mM primus" type Randlett; grooved external cusp and cusp оп post- 

. H. 31281-14, P. petersoni, Candelaria l.f. separate - i 
C, D, F, G, and H to same scale, B and E to same scale. n parang men MT DE M 


26 


'"SIOAIUIEO Р Ад әреш uaoq SARU 0] 


рәләцәа [[NYS ш punoA “MATA [Р1Ә]}Р] SMeL pue [[NYS "p | ?liepopu?g) *pI-ISc Ig 740$4272d uopoa401044—' C | 7914 





28 





Fig. 13.—Protoreodon petersoni, 31281-14, Candelaria 1.1. Skull dorsal view. Wound іп skull believed to have been made Бу а carni 
rnivore. 
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Fig. 14.—Protoreodon petersoni, 31281-14, Candelaria 1.Ї. А, occlusal view of upper 


e) 


dentition: C, Pl, dP2, dP3, Р4-М3; В, occlusal view of lower dentition: Р, dP, арз, 


P4-M3. 


dP4-M,; 40210-2, M,; 40212-1, lower jaw 
frag. with M,. 

Stratigraphic position.—From 5 to арргох!- 
mately 50 feet above the base of the Cham- 
bers Tuff Fm. 

Discussion.- The Porvenir local fauna as 
well as the Candelaria local fauna contains 
agriochoerids of two size groups. The smaller 
agriochoerid in the Porvenir l.f. is identified as 
Protoreodon pumilus and the larger as Agrio- 
choerus antiquus. 

Table 17 shows the results of a “t-test of 
measurements of P. pumilus and Agriochoer- 
us antiquus from the Porvenir Lf. for the 
dimensions of P^ to M?. The chances of the 


two belonging to the same population on the 
basis of similarity of upper tooth size are less 
than one in a thousand. The protoconule is 
present on three of the four M'’s that are 
preserved. In Agriochoerus from the same 
fauna the protoconule is present in 8 of 13 
Observations and absent in 5 (table 18). On 
one specimen it is present on the left side and 
absent on the right. None of the P^'s have 
developed the posterointernal selene that is 
characteristic of the better known specimens 
from the White River Formation. 

A t-test was run for some measurements of 
upper teeth of P. pearcei to see if it was separ- 
able from the Myton P. pumilus species group 
(table 19). In addition, the same test was run 
for P. pearcei and A.antiquus from the Por- 
venir Lf. (table 20). The results of both tests 
confirm that P. pearcei was a member of a dif- 
ferent population. 

Figure 16C illustrates Protoreodon pumilus 
from the Porvenir Lf. M' has a protoconule. 
The АР? and ар“ are shown in figure 16B and 
dP4-M>2 are shown in figure 17. 


PROTOREODON MINIMUS (Douglass) 1902 
Synonym 
Agriochoerus minimus Douglass, 1902 
Type.—Right maxilla with P^-M^ and base 
of zygoma, CM 709 (given as "type no. 59" 
by Douglass, 1902). “White River beds, north- 
west of Three Forks", Montana. This locality 
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is referred to by Orr (1958) as Thompson 
Creek. 

Referred material. —CM 9988, left maxilla 
with P°-M°. Collected from “8. of McCarthy's 
Mt., N. of Big Hole River, Madison Co., Mon- 
tana.” UWYO 930, M'-M? from the Rattle- 
snake Hills, Wyoming. 

Diagnosis. —Small protoreodont, para-and 
metacones separate on P4, protoconules pres- 
ent. 

Temporal range. —Chadronian. 

This form has not lost the protoconule and 
has not developed the second selene on P^. It 
is a relict protoreodont that survives into the 
Chadronian (figs. 4, 9, 10 and tables 8, 9). 


AGRIOCHOERUS Leidy, 1850 
Synonym 
Eucrotaphus Leidy, 1852 
Союгесчоп Cope, 1879 
Merycopater Cope, 1879 
Artionyx Osborn and Wortman, 1893 
Agriomeryx Marsh, 1894 

Type.—Agriochoerus antiquus Leidy, 1850 

AGRIOCHOERUS ANTIQUUS Leidy, 1850 
Fig. 18 

Type. —PANS 10665. Much of face exclud- 
ing nasals with right P^-M?, left Р?-М? plus 
maxilla with right P4-M4 and left P4-M;. De- 
scribed by Leidy (1869) as from the “...Ман- 
vaises Terres of South Dakota." 

Material. —Several fragmentary skulls and 
jaws, numerous fragments with partial den- 
titions and some associated skeletal material 
but nothing articulated. The most important 
specimens: FMNH PM 7, a skull and many 
fragments of other upper and lower dentitions 
and associated skeletal material; FMNH PM 
167, fragmentary skull, lower jaw and verte- 
brae; PM 2 and PM 81, fragmentary lower 
jaws; TMM 1059-2, a crushed skull with P^ to 
М7; МПО 44-2-s23 (identified as Merycoido- 
don culbertsoni by Stovall, 1948, plate 2, fig. 
6), frag. P*-M^ : МПО 44-4-s41 (identified as 
Merycoidodon culbertsoni by Stovall, 1948, 
plate 2, fig. 4), M,- frag. Мз. 

Stratigraphic position.—From within one 


foot of Ше base to within 10 feet of Ше top 
of the Chambers Tuff Fm. 

Discussion.—It is not the purpose of this 
paper to revise Agriochoerus although it sorely 
needs revision. Measurements were taken of a 
number of specimens including some types but 
no effort was made to obtain all specimens. 
The results of this sampling are shown in fig- 
ures 4 and 5 and tables 11 and 12. It is now 
possible to say that by the very early Chad- 
ronian, Agriochoerus of the Porvenir Lf. had 
reached the general dental proportions that 
persist into the Orellan. There are morpho- 


logical differences on the P^ and M! be- 
tween the early Chadronian Texas forms and 


the later Orellan forms of the High Plains, 
but they do not warrant the erection of sepa- 
rate species. 

The allocation of the Texas sample to A. 
antiquus is not tobe taken as a correlation of 
the Chambers Tuff Fm. and the Brule Clay 
Fm. The Texas specimens show a less molari- 
form P^ and a more frequent occurrence of 
the protoconule on M', both of which are 
primitive characters. In addition, the associa- 
tion of Protoreodon pumilus with Agriochoer- 
us has not been previously reported. 

Figure 18 illustrates the well-preserved basi- 
cranium and bullae shown in FMNH PM 7. 


Family Merycoidodontidae 
Subfamily Oreonetinae 
Bathygenys Douglass, 1902 
BATHYGENYS REEVESI, n. sp. 

Little Egypt and Airstrip 1.1. 

Figs. 19-23, Tables 21-28 

Type.—TMM 40209-198, skull and lower 
jaws and atlas, Reeves Bonebed, Chambers 
Tuff Fm., Presidio Co., Texas. 


Material.—40109-190,-192,-201,-202 with 


IIM” or с-м? ‚ апа many partial upper jaws: 
40209-283, Р,-М ;; and many partial lower 


jaws; 116 endocranial casts and disarticulated 
but fragmentary postcranial material, all from 
Little Egypt 1.f. 40504-78,-100, -140, -235, 
fragmentary skulls; 40547-7, fragmentary skull 
and jaw, all from Airstrip l.f. 


Stratigraphic position. —Upper part of Cham- 
bers Tuff Fm. 60 ft. below Bracks Rhyolite, 
and upper part of Capote Mt. Tuff Fm., about 


570 ft. above Bracks Rhyolite. 

Diagnosis.—Small oreodont, postorbital bar 
open or closed, bullae small and slightly in- 
flated, occipital region broadly spread, proto- 
conule present or absent. Selenodont tooth 
pattern partial or fully formed, diastema be- 
tween C and P'. metaconid absent ог well- 
developed. 

Description. — Dental Te Te 
Small oreodont. Postorbital bar closed in 5 
of 12 specimens where it is observable. In the 
other 7 the frontal and malar have rounded 
ends that are not attached but are very close 
together. Bullae small but slightly inflated. 
Occipital region broadly spread (Schultz & 
Falkenbach, 1956, fig. 4). Diastema between 
C and P'. Number of mental foramina vari- 
able. Protoconule present or absent (table 
21). One to three accessory cusps may be 
present at posteroexternal end of protoselene 
on dP^-M? or selenodont tooth pattern may 
be fully formed (tables 25, 26, 27). 

Figures 20 and 21 are composite drawings 
to illustrate dorsal, lateral and ventral views. 
Figure 22A-C illustrates the dentition. 

Discussion. 1n Douglass (1902, p. 258, 
last line), read “Р. alpha" as B. alpha. Both 
his specimens no. 48 (now CM 708), the 
type, and no. 66 (now CM 708a) are within 
the observed range of the Texas sample. Until 
AMNH 9671, 9672, 9673 are located, Mat- 
thew's (1903) allocation of these specimens 
to Bathygenys cannot be verified. Thorpe 
(1937) attributed his figure 20 of AMNH 9671 
to “Douglass” 1903 instead of Matthew 1903. 
Schultz and Falkenbach (1956, p. 465) in- 
advertently state: 


) з-1.-4.-8 
На SS 


"Thorpe, 1937, Mem. Peabody Mus., vol. 3, pt. 4, 
p. 41 [should be 42], figs. 18-20 (not this genus and 
species)." 


Thorpe's figure 18 is of the type, CM 708, 
and his figure 19 is CM 708a. AMNH 9671 
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Fig. 15.—Protoreodon petersoni, 31281-14. Candelaria 1.4, А. Basicranium right side 


to show bulla. B. Left side, bulla absent. 
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Fig. 16.—A. Protoreodon pumilus 40630-18, Candelaria Lf.; lateral view lower jaw 
B. P. pumilus, 40212-4, Porvenir 1.f., dP3, dP4, C. P. pumilus, FMNH PM 21, Porvenir 


l.f., occlusal view Р4-М3, 
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figure 20, of Thorpe is Ше only one Schultz 
and Falkenbach do not wish to attribute to 
the genus. The number used here, AMNH 
9671, has been verified. Schultz and Falken- 
bach (1956) use it and also another number 
with the 6 and 7 transposed. 

Bathygenys is now identifiable in other 
local faunas. In the collection of the South 
Dakota School of Mines and Technology are 
three partial upper dentitions, SD 5354, 5353, 
253305, and a lower jaw, SD 5339, all from 
the Yoder. At the U. S. National Museum are 
specimens from Cameron Springs, Wyoming 
that are certainly Bathygenys in particular 
USNM 21249. The University of Wyoming 
has in its collection three specimens identi- 
fiable as Bathygenys; UWYO 918 (former 
235) is a partial right dentition from 3 mi. NW 
of Alcova, Wyo.; an unnumbered milk den- 
tition from Sec. 35 (or 36) T. 33 N., К. 56 W. 
Sioux Co., Nebr.; another unnumbered milk 
dentition from the Brule of Hall’s Ranch, 
Sioux Co., Nebr. The latter is the highest 
stratigraphic occurrence of Bathygenys. Two 
specimens are known from northern Chi- 
huahua, IGM 65-35 and IGM 65-36, both up- 
per jaw fragments. This little oreodont was 
apparently widespread but the fragmentary 
condition of the type prevented certain iden- 
tification. 

A large number of specimens belonging to 
the genus Bathygenys was collected from a 
locality I have named “Кееуев ВопеБед.” 
It is within the upper part of the Chambers 
Tuff Fm. about 60 ft. below the Bracks Rhyo- 
lite. The concentration of bone, when the 
locality was first seen, was one of those rare 
sights a vertebrate paleontologist dreams of. 

Examination of the collection after it was 
prepared leads me to believe that it represents 
the refuse of a carnivore’s lair. There are no 
complete limb bones. Some bones are smooth 
and other bones are etched as though they had 
passed through the intestinal tract. There 
were many rodent-gnawed bones and many 
coprolites. The collection came from an area 
about 80 ft. by 20 ft. within a thickness of 


about 3 ft. 

The sample is large and permits a significant 
statistical analysis of dental dimensions of 
what is as certain of heing a single breeding 
population as is found in vertebrate paleonto- 
logical samples. The results of measurements 
are given in tables 22, 23, 24. The high co- 
efficient of variation for canine length and 
width may be the result of the small sample 
but the high V for Pl and P? is thought to be 
real. 

Figure 19 shows a plot of the length of M! 
versus M? for comparison with figure 4 that 
shows similar plots for various species of 
Protoreodon. 

The molar teeth in the Reeves bonebed 
sample of B. reevesi show several intermediate 
characters between Protoreodon and the mery- 
coidodontinae. For example, the protoconule 
is present on about half of the dP^'s in which 
this cusp could be observed and is occasion- 
ally present on M'. Figures for the frequency 
of occurrence are given in table 21. 

In Protoreodon the posterior arm of the 
protoselene does not extend externally into 
the valley between the para-and metacones 
but is oriented at a 90^ angle to the anterior 
arm of the metaselene. In some specimens of 
B. reevesi an accessory cusp or cusps form an- 
terior to the median valley and external to the 
protocone. Wear on this cusp (cusps) forms 
a loop of enamel that provides a posterior arm 
for the protoselene. 

Tables 25 and 26 show the frequency of 
these loops. In figure 22, 40209-17, the ар“ 
shows а Protoreodon-like molar pattern with 
two accessory cusps. M' on the same speci- 
men has the well-developed merycoidodon- 
tid molar pattern. Specimen 40209-1, figure 
23A, shows two loops on М”, and а single 
loop on М”. Upper milk dentition is illustrat- 
ed in figure 23B. 

Most M^'s and М? аге already seleniform 
but M`, I believe, is still in the process of com- 
pleting the anterior selene. If this is true, the 
selenodont structure in the teeth of Bathy- 
genys was formed from the Protoreodon tooth 
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by the addition of enamel cusps іп the 
position of the posterior arm of the proto- 
selene. The frequency of occurrence of the 
cusps indicates that the formation of the 
selenodont tooth began with М? and proceed- 
ed forward. Tables 25 and 26 show that these 
loops are present in most M''s, about one- 
third of the M^'s and are very rare in M^. The 
sample for dP”, table 27, is small. 

Of equal interest and significance is the 
presence of a loop in the dP^ of FMNH PM 
153. This is a large merycoidodontid from the 
Porvenir local fauna but unfortunately it is 
poorly preserved. Nonetheless, it indicates 
that the same method of attaining selenodonty 
was being followed in a line of large merycoi- 
dodontids a little earlier than in Bathygenys. 
In addition, loops are present on the dP^ of a 
new species of Merycoidodon from the Reeves 
Bonebed. 

The P4 of В. reevesi n. sp. has structures 
that are transitional between Protoreodon and 
merycoidodontids. On all Protoreodon Pas 
the metaconid is very low or absent whereas 
in merycoidodontids it is as high as or higher 
than the protoconid. Figures 23C and 23D 
show the range in variation of the metaconid 
in B. reevesi n. sp. In 40209-275, figure 23C, 
the metaconid is absent; in 40209-276, fig- 
ure 23D, the metaconid is well-developed. 
Frequency of occurrence and indication of 
height of metaconid compared То height of 
protoconid for B. reevesi n. sp. is given in 
table 28. 

All of the limb bones are broken and repre- 
sented only by ends. It is not possible to tell 
whether a fifth digit was present. 

Unfortunately, the Bathygenys material 
from the Airstrip l.f. is rare and poorly pre- 
served so that the amount of evolutionary 
change from its earlier occurrence in the 
Little Egypt Lf. cannot be determined. 


Limnenetes Douglass 1902 
LIMNENETES cf. PLATYCEPS Douglass 
Airstrip local fauna 
Figs. 24-26, Table 29 
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Fig. 18.—Agriochoerus antiquus FMNH PM 7, 
Porvenir Lf.; basicranium right side to show bulla. 


Туре.- Limnenetes platyceps 
1902, CM 701, partial skull. 

Material. 6IMM 40504-241, skull with C- 
M*; —141, skull and lower jaws with I?-M?: 
40507-2, skull and lower jaws with alveoli 
for I", І?-М?; numerous milk dentitions, nu- 
merous fragmentary upper and lower jaws and 
very fragmentary isolated postcranial material. 

Stratigraphic position.— Capote Mt. Tuff 
Formation approximately 570 feet above 
Bracks Rhyolite. 

Diagnosis.—Small oreodont, but larger than 
Bathygenys, preorbital fossa very shallow, 
bullae inflated and slightly grooved for hyoid, 
enamel on external surface of proto-and hypo- 
selenes thin, postoccipital fan-shaped. 

Discussion. Тһе type (CM 701) is a well- 
preserved skull but of an old individual with 
the tooth pattern worn off. There are now 
numerous examples of associated upper and 
lower dentitions from the Airstrip Lf. but 
they add very little to the descriptions al- 
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Fig. 20.-А. Bathygenys reevesi, n. зр., type, 40209-198, Reeves Bonebed. Little Egypt |.f. Skull and jaws, 
lateral view. B. Skull, dorsal view. Composite drawing from 40209-192. -203. 


ready given by Schultz апа Falkenbach (1956). 
Until a more representative sample can be ob- 
tained from the Chadronian of the northern 
states to serve as a basis for statistical com- 
parison, I do not wish to erect a new species. 
The enamel on the external surface of the 
proto-and hyposelenes is very thin, which 

accounts for the rapid removal of the occlus- 
al pattern. The pattern on М of 40504-241 
is completely worn off and М? is not fully 
erupted (figs. 24B and 25A). Premolars are 
closely spaced (figs. 24B and 25); there is a 
short diastema between C and P'. The bullae 
are inflated and are slightly grooved for the 
hyoid. Small shallow preorbital fossae are 
present (fig. 25A). 

Statistical data for upper teeth measure- 
ments are given in table 29. The sample of 
lower teeth was too small to warrant calcula- 
tions. 

Upper milk dentition of Limnenetes.— A series 
of eight skulls or skull fragments shows the 
succession of cheek teeth in remarkable de- 
tail (fig. 26). The youngest individual found 
is 40540-190. In it the permanent canine has 
not erupted and the root of dC is present 
posterior to it. Double rooted ?dP' , dP’, and 
dP? follow it in order. A slightly older indi- 
vidual, 40504-40, has the same succession of 
teeth plus the molariform dP^ and a very 
slightly worn MI. Number 40504-231 (fig. 
26), has the milk dentition, M', and a newly 
erupted but unworn M?. The root of dC is 
present between C and ?dP'. Essentially the 
same condition is shown in 40504-184, -215, 
-177. 

Іп 40504-216, dP^, dP?, and dP“ are so 
worn that their pattern has been obliterated. 
Anterior to dP? is a newly erupted premolar 
that must be a P'. In this same specimen М? 
has erupted and shows some wear. 

The examples in the growth series continue 
with 40504-241 (fig. 24B), which shows the 
best preserved complete adult dentition. In 
this specimen the P' is a relatively unworn 
tooth and has a slightly different shape and 
pattern than the ?dP' in 40504-231 (compare 


figs. 24B and 26). 

Miller and Wood (1963) review the upper 
deciduous molars in several Mid-Tertiary oreo- 
donts. In the Amherst collection they found 
“that dP?-* are present, being replaced by 
P?-*. No evidence of dP! has been found in 
any specimen, even in the extremely young 
Cyclopedius.”’ 

Limnenetes of the Airstrip 1.f. is the only 
oreodont, to my knowledge, to show the pos- 
sible presence of a dP'. The evidence for the 
identification of this tooth is threefold: (1) 
40504-40, -231 show a slightly worn succes- 
sion of deciduous teeth including four teeth 
anterior to М'; (2) 40504-216 shows a newly 
erupting P! anterior to very worn dP’. ар?, 
and ар“; (3) in 40504-231 and -241 the teeth 
posterior to the canine differ in the following 
way: in 40504-40 and -231 (fig. 26), the an- 
terior crest (using the terminology of Miller 
and Wood, 1963) of ?dP! is bifurcate whereas 
in P! (fig. 24B) the anterior crest is single with 
a small anterior crescent. The ?dP' is longer 
and narrower than P! (?dP! іп 40504-40) has 
a length of 4.5 and width of 3.2; P in 40504- 
95. length 3.1, width 3.3). I am not sure, how- 
ever, if this size difference is significant; it 
would be helpful if the sample were larger. 

Schultz and Falkenbach (1968, pp. 433- 
436) discuss the deciduous dentition of vari- 
ous oreodonts. They have, of course, exam- 
ined enormous numbers of many different 
taxa and state that they did not find an un- 
mistakable dP’. They (Schultz and Falken- 
bach, 1968, p. 436) concluded that: “It would 


seem that milk dentitions of each of the 11 
subfamilies should be studied before definite 
conclusions are made concerning whether 
АР! or АР; is present in all oreodonts." А 
dP! seems to be present in Limnenetes of the 
Airstrip І.Ғ. on evidence previously stated and 
its dental formula seems to include 4 milk 
premolars as well as 4 permanent premolars. 
This condition is really not surprising in view 
of its early occurrence in the Oligocene. 
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Subfamily Merycoidodontinae 
Genus Aclistomycter* new genus 

Chambers Tuff Fm., Presidio Co., Texas 

Generic Characters.—A medium small mery- 
coidodontid with very large and deep, probably 
perforated, antorbital fossae. Brachycephalic. 
Posterior part of skull extended. Molar teeth 
with thick enamel and deep fossettes, fig. 
28A. Posterior base of zygomatic processes 
wide, making the skull broad posteriorly. 
Bullae thought to be inflated. 


ACLISTOMYCTER MIDDLETONI** 
New genus and species 
Porvenir local fauna 
Figs. 27, 28A; Table 30 

Туре. -ТММ 41213-1, skull and jaws, Cham- 
bers Tuff Fm.; Porvenir Lf. 300 yds. 5. of 
Adobe Springs, Presidio Co., Texas. 

Material. -ТММ 41216-11, skull with С-М?; 
41211-9, skull fragment with M'-M?, and 
the type. 

Stratigraphic position. — T wenty-five to 42 
ft. above top of Buckshot Ignimbrite, in lower 
part of Chambers Tuff Fm. 

Description.—Same as for genus. 

Diagnosis. —Medium-sized oreodont, smaller 
than Merycoidodon culbertsoni, larger than 
Limnenetes, deep preorbital fossae, broad 
skull, bullae probably inflated, postoccipital 
posteriorly projected. 

Relationship.—]t is rather surprising to find 
an oreodont this early with such large and 
deep preorbital fossae (fig. 27). The deep 
preorbital fossae and the widely-set zygomatic 
arches could be anticipating Leptauchenia. 
If this were true, it would involve a reduction 
in overall size from the Texas form, an in- 
creased inflation of the bullae, a modification 
of the teeth and a shift from the postoccipital 
“posteriorly projected" to "postoccipital fan- 
shaped" (Schultz & Falkenbach, 1968, chart 
14). The styles on the upper teeth of Leptau- 


* Aclistos, Gr. open; mycter, Gr. nose 


**Named after Mr. and Mrs. Bill Middleton, Candelaria, Texas 


40 


chenia are oriented anteriorly and the lower 
molars eventually become hypsodont. There 
is no tendency in this direction in Aclisto- 
mycter. 

Schultz and Falkenbach at first (1956, p. 
453) failed to see any relationship between 
Limnenetes and Leptauchenia. However, in 
1968 (p. 233) they stated: "Ihe writers 
now believe, however, that Oreonetes, or per- 
haps Limnenetes, may have given rise to the 
leptauchenins. This reversal of opinion is due 
to the fact that leptauchenin examples are 
known for the first time from oreodont 
faunal zones ‘A’, “В, and “С”. Additional 
specimens, especially from ‘Zone С” of Ше 
Chadron, will undoubtedly aid in a solu- 
tion of the true phylogenetic relationships be- 
tween the two subfamilies Oreonetinae and 
Leptaucheniinae.” I am more inclined to agree 
with their earlier opinion, especially since they 
fail, in 1968, to point out morphological simi- 
larities between any of the forms. In the Texas 
collection of Limnenetes the skull is narrow 
posteriorly, there are no antorbital fossae and 
the teeth show none of the modifications 
characteristic of Leptauchenia. Oreonetes, on 
the other hand, has a large circular antorbital 
fossae but has a skull shape similar to Limne- 
netes. 

Of the various phylogenies presented by 
Schultz and Falkenbach (1968, chart 14), 
Aclistomycter obviously belongs within the 
subfamily Merycoidodontinae. More informa- 
tion on the later Chadronian forms is neces- 
sary before the phylogenetic position of 
Aclistomycter can be ascertained with more 
precision. 


MERYCOIDODON DUNAGANI™, n. sp. 
Little Egypt local fauna 
Figs. 28B and 28C; Tables 31, 32 
Type.—TMM 40209-227, right maxillary 
with dP?-M?, Reeves Bonebed, Chambers Tuff 


*Named after Mr. John C. Dunagan, the late owner of 96 
Ranch. 





Fig. 21.—Bathygenys reevesi n. sp., Reeves Bonebed, Little Egypt l.f. A. Composite drawing from 40209-192,- 
198, -202, -203; skull lateral view. B. Composite drawing from 40209-190, -203; skull, ventral view. 


Fm., Presidio Co., Texas. Little Egypt l.f. 

Material. 40209-25 5, lower jaw fragment 
with posterior half of Mı, M2-M3;-227;-242 
and 238a, basicrania; -418, distal end of tibia; 
-417, calcaneum; -381, astragalus; -416a b. cu- 
boid; -416b, navicular, and fragmentary denti- 
tions. 


Stratigraphic position. Upper part of Cham- 
bers Tuff Fm. 60 feet below Bracks Rhyolite. 

Diagnosis. —Postoccipital posteriorly pro- 
jected, smaller than M. culbertsoni or M. for- 
sythae, bullae small and slightly grooved, dP* 
shows protoreodont-like protocone with enam- 
el wrinkles on protocone and protoconule, an- 
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Fig. 22.—Bathygenys reevesi п. sp., Reeves Вопе- 
bed, Little Egypt 1.f. A. РІ-М3, 40209-190. В. P1-M3, 
40209-108. C. dP3, dP4, МІ, Two loops on dP4 апа 
oreodont pattern on Ml, 40209-17. 


terior crescents on P? absent. 
Description.—Smaller than M. forsythae; 
skull relatively low at occiput, supraoccipital 
wings appear to be anticipating the condition 
found in Merycoidodon (Schultz and Falken- 
bach, 1968, chart 14). The occiput is definite- 
ly not “fan-shaped.” It is difficult to determine 
whether or not the Texas specimens from the 
Reeves Bonebed were dolichocephalic and 
hence whether or not they should be placed 
closer to Prodesmatochoerus natronensis or to 
Merycoidodon. In common with both, the 
Texas specimens have the deep fossettes with 
the thickness of enamel on the external sur- 
faces of the proto-and hyposelenes equal to 
that on the internal surfaces, figure 28B. Con- 
trast the wear of M! and the erupted M? of 
the type of M. dunagani, 40209-227 (fig. 
28B) with the same teeth of Limnenetes (fig. 
25B). The bullae are small (minute) and 
40209-242 shows a groove for the hyoid 
like Merycoidodon but not as pronounced. The 
type of P. natronensis is broken and somewhat 
distorted but it apparently has a smaller 
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groove and slightly more inflated bullae than 
М. dunagani. 

The P? on 40209-217 is more premolari- 
form than any other oreodontid except Bathy- 
genys. Although the anterior occlusal surface 
is worn, the anterior crest, anterior intermedi- 
ate crest, and the anterior crescent are repre- 
sented only by slightly thicker enamel. A pos- 
terior crescent with two small cuspules is 
present and gives the tooth a triangular out- 
line as seen in occlusal view. Number 40209- 
228, an unworn P?, shows the same structures 
not yet strongly enough developed to modify 
the shape of the anterior part of the tooth. 

Lower teeth are illustrated in figure 28C. 

The total length of Ше calcaneum of FAM 
45194, the type of P. natronensis, is 48.2 
whereas on TMM 40209-417 the calcaneum 
length is 42.1. 

A dozen specimens of the milk dentition of 
M. dunagani n. sp. are present in the Reeves 
Bonebed collection. A high proportion of 
juveniles is characteristic of the refuse of a 
carnivore's lair. The same kind of enamel loop 
that is found in Bathygenys reevesi n. sp. is 
present on the dP*’s of M. dunagani n. sp. and 
six specimens have protoconules on the same 
tooth. On the five dP*’s that were not too 
worn for observation, a single loop was present 
on all five. Measurements of adult and milk 
teeth are given in tables 31 and 32. 


Subfamily Desmatochoerinae 
^PRODESMATOCHOERUS cf. MEEKAE 
Schultz and Falkenbach, 1954 
Airstrip local fauna 
Figs. 29, 30, Table 33 

Туре ЕАМ 45023, skull and mandible. 

Material. 6IMM 40505-2, partial skull and 
lower jaw with П-МЗ, braincase missing. 

Stratigraphic position.—Capote Mt. Tuff 
Fm. 575 ft. above base. 

Description.—The posterior half of the 
skull is missing so nothing can be said concern- 
ing the bullae or the supraoccipital wings 
(fig. 29.) The premolars are worn and show no 
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Fig. 23.—Bathygenys reevesi n. sp., Reeves Bonebed, Little Евурі ва 
A. MI-M3, One loop on M2, two loops on M3, 40209-1. В. 4Р2-4Р4, 
40209-154. С P4 showing lack of méteconid, 40209-275. Р P4 
showing well-developed metaconid, 40209-276. 


structure. Larger than the type of P. meekae; 


dolichocephalic oreodont considerably ad- 
vanced over those in the Porvenir and Little 
Egypt local faunas. The enamel on the fos- 
settes is thinner than on the exterior of the 
tooth (fig. 30A). There is a deep preorbital 
fossa anterior to a small round orbit. The 


lower teeth (fig. 30B) show no difference from 
Prodesmatochoerus meekae. 

Discussion.—The single specimen was found 
595 feet above Bracks Rhyolite which is 25 
feet above the level from which most of the 
material of the Airstrip Lf. was recovered. 
Several skulls of Limnenetes were found above 
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Fig. 24.—Limnenetes cf. platyceps. Capote Mt. Tuff, Airstrip 18. Composite drawing from 40504-63, -148. 
А. Skull, dorsal view. В. Skull, ventral view. Composite drawing from 40504-1, -63, -107, -241. 
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Fig. 25.—Limnenetes cf. platyceps. Capote Mt. Tuff, Airstrip Lf. А. Composite drawing from 40504-63, -148, 
-241. Skull, lateral view. В. Left upper dentition, 40504-241. C. Left lower dentition, 40504-148. 
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Fig. 26.—Limnenetes cf. platyceps. Capote Mt. Tuff, Airstrip Lf. 40504-231. Right milk dentition. 


and close to the level of ?P. cf. meekae but 
none of the latter were found with the large 
numbers of Limnenetes at the main bone level. 

The matrix from which the specimen was 
recovered was very fine-grained tuffaceous 
silt and may represent a different environment 
from the slightly coarser-grained cross-bedded 
sandstone at the main bone level. 

Until a basicranium of this form is found 
and until a larger sample is recovered, the 
identification must remain tentative. The 
Chadronian age for this form is based on its 
association with Bathygenys and Limnenetes 
and also because it is stratigraphically be- 
neath (approx. 1,000 ft.) the Brite Ignim- 
brite (dated at 33.0 m.y.) and stratigraphically 
above (about 595 ft.) the Bracks Rhyolite, 
which is dated at 36.8 and 36.5 m.y. P. meekae 
FAM 45023 is from Zone A of the Brule, Nio- 
brara Co., Wyoming. 


Merycoidodontidae 

genus and species indeterminate, no. | 

A fragmentary left maxilla with roots of 
ар” dP’, and a fragmentary АР“, FMNH PM 
153 represents a very low stratigraphic occur- 
rence of a merycoidodont in the Chambers 
Tuff. The specimen was found associated 
with the Porvenir local fauna. The preserva- 
tion is very poor but a few observations can 
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be made. The specimen indicates an animal 
about the same size as Agriochoerus. The 
wear on the protocone, however, shows that 
the posterior arm of the protocone is directed 
more toward the median valley than in Agrio- 
choerus. Moreover, there is a prominent “оор” 
on dP* in the same position as that found in 
Bathygenys reevesi n. sp. and Merycoidodon 
dunagani n. sp. This adds further support to 
my proposition that the internal arm of the 
protoselene in merycoidodonts was formed 
by the joining of the enamel loops to the 
anterointernal edge of the protocone. 

The estimated size of dP* and M! , however, 
are greatly in excess of any of the other mery- 
coidodontids in the Porvenir Lf. Therefore, 
such a large form is probably not ancestral to 
Merycoidodon dunagani n. sp. It may, how- 
ever, be ancestral to the large ?Prodesmato- 
choerus cf. meekae in the Airstrip |. This is 
speculation since the specimen is so poorly 
preserved and there is no appropriate sized 
population known in the intermediate Little 
Egypt Lf. 


Merycoidodontidae 
genus and species indeterminate, no. 2 
Ash Spring local fauna 
Tables 34-35 
Material.—TMM 40283-10, partial lower jaw 





Fig. 27.—Aclistomycter middletoni n. gen. and sp., 41213-1, type; Chambers Tuff Fm., Porvenir 1.f., skull. 
A. Dorsal view; B. Skull and jaws, lateral view. 


with M5, Мз; -67, fragmentary skull and jaws; ments. 
-66, partial skull and jaws and associated Stratigraphic level.—Undifferentiated Vieja 
postcranial material including fragmentary Group. 
scapula, humerus, left manus, vertebrae, tibia Резсгір Поп.-АП the material is so poorly 
and right pes; partial maxillary and jaw frag- preserved that detailed description is impos- 
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Fig. 28.—A. Aclistomycter middletoni n. gen. and sp., Chambers Tuff Fm., Porvenir 1.f., 41216-11. Right 
upper dentition. С-МЗ. В. Merycoidodon dunagani n. sp., type, 40509-227, Reeves Bonebed, Little Egypt 1.f., 
dP3-M3. С. Merycoidodon dunagani n. sp., Reeves Bonebed, Little Egypt 1.f. Composite drawing Ра. 40209-562 
(reversed); Му, 40209-237; M5, Мз, 40209-225, lower jaw. 
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lateral view. 


Fig. 29.—?Prodesmatochoerus cf. meekae. Capote Mt. Tuff, Airstrip 1.f., 
40505-2. A. Anterior part of skull, dorsal view. B. Skull and lower jaw, 
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Fig. 30.—?Prodesmatochoerus cf. 


meekae. Capote Mt. Tuff, Airstrip Lf. 
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40505-2. Upper and lower left dentition. 


sible. An oreodont about the size of Merycoi- 
dodon culbertsoni is present in the Ash Spring 
lf. The teeth are badly worn so that the 
enamel pattern is gone. 


SUMMARY AND CONCLUSIONS 


A significant amount of new information 
has been added to the evolutionary history 
of the Families Agriochoeridae and Merycoi- 
dodontidae by the discovery of a series of lo- 
cal faunas іп stratigraphic succession. The 
intercalation of igneous flow rocks that have 
been dated by the K-Ar method has helped 
in correlating the faunas with other sections 
similarly dated (Wilson et al., 1968). 

The Bracks Rhyolite (36.5 m.y. and 36.8 
m.y., independent dates from different sam- 
ples) of the Vieja Group correlates well with 
the Norwood Tuff (36.0 m.y., 37.4 m.y. and 
37.5 m.y., all the same sample) of Utah. The 
Bracks Rhyolite also correlates well with 
dates (37.5 m.y. and 36.5 m.y.) from the Clar- 
no Formation of Oregon. 

A personal communication from Morris 
Skinner (dated Jan. 9, 1969) relating to cor- 
relation between the Vieja Group and the 
Chadronian of Bates Hole, Wyoming, states: 
"As nearly as I can gather from your ash dates, 


сл 
сы 


your Pantera ignimbrite is approximately 
equivalent to our main fossil zones D, Е, G.... 
most of the Bathygenys and/or Limnenetes 
came from the general vicinity of F and G 
zones." Wilson et al. (1968, p. 597) believe 
the 32.4 m.y. and 34.2 m.y. dates on the Pan- 
tera Ignimbrite are too young. I would prefer 
to correlate the Bates Hole ashes F and G 
with the Capote Mt. Tuff. I feel that the 36.5 
m.y. and 36.8 m.y. dates for the Bracks Rhyo- 
lite are reliable and the Brack overlies the Pan- 
tera. Furthermore, both Bathygenys and Lim- 
nenetes are present in the Capote Mt. Tuff. 

Protoreodon pumilus (Marsh) 1875 and P. 
primus (Peterson) 1934 are synonyms. 

small and large protoreodonts are interpret- 
ed as being polymorphic with both split and 
unsplit external cusps on P^. A more simpli- 
fied taxonomic arrangement for Protoreodon 
5 proposed based on statistical analyses. For 
comparison, the coefficients of variation for 
samples of upper molars of various protoreo- 
donts and Agriochoerus are summarized in 
table 36. 

Protoreodon petersoni is recognized in the 
Candelaria l.f. 

Agriochoerus minimus is transferred to 
Protoreodon minimus. 

Protoreodon pumilus is found in the Por- 


venir l.f. of Early Chadronian age. 

Large samples of Bathygenys reevesi n. sp. 
and Limnenetes cf. platyceps are described. 

A new genus and species, Aclistomycter 
middletoni with deep antorbital fossae is de- 
scribed from the Porvenir l.f. 

Merycoidodon dunagani n. sp. is described. 


It is proposed that the selenodont condition 
of the upper molars in oreodonts was formed 
by the addition of enamel ridges at the postero- 
external corner of the protocone as is found 
in Protoreodon and that the small and large 
oreodonts were derived from small and large 
protoreodonts that retained the unsplit ps. 
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TABLES 


Table 1. K-Ar analyses of sanidine concentrates from igneous rocks of Vieja Group (DeFord, 
1958), Garren Group (Twiss, 1959), and Buck Hill Group (Goldich and Elms, 1949), Trans-Pecos 
Texas, by Geochron Laboratories Inc. and Evernden et al. (1964). 


Symbols: 


ж = radiogenic; АВ = 4.72 х 1019/уг; Ae = 0.585 Х 10'!9/yr; 


ж 
К/К = 1.22 X 10*g/g. Age = | Ae AB у Аг? _ 
/ ВЕ А = ا‎ d. 
Formation Sanidine : қ 4 
апа іп Art’? DL КОК X QURE Y Vom AGE 
No. References Concentrate (10 ? PPM) Ае”? PPM KEC XW? M.Y. 
14 Mitchell Mesa 85% 133 0.594 562 6.84 20 33.9 + 1.8 
14.1 0.595 5.57 
KA1000 Brite 0.950 4.61 29.7 
(Evernden et al., 
1964) 
6 Brite 95% 10.7 +0.5 0410 437 534 1951007 ЗЕТ 
11.2: 0.8 0.592 4.36 
1000 € 2.3 0.145 
9.8 + 0.6 0.475 
5 Bracks 80% 12.6 0:401 488 590 2153008 365512 
12.8 0.092 4.78 
КА1010 Bracks 0.960 5.03 36.8 
(Evernden et al., 
1964) 
4 Pantera 30% 3.9 0.190 51.66, 202. 1912010. аиа р? 
3.8 0.470 1.65 
3 Pantera 65% 5:5 0.121 2.32 SOA 201 34.2 + 3.0 
6.7 0.111 2.46 
7 Sanidine grains 99% 6.11 0.13 203 „2,123. 225 39.8 + 2.8 
in water-laid tuff, 6.70 0525. 2.23 
Reeves’ bone Бед, 
Chambers Tuff 
2a Buckshot (rerun 75% 8,34 0.270 3.06 374 2.29 38.6 + 1.2 
оп sample 2) 8.83 0.245 3.08 
2 Buckshot 75% Tuo 0.069 3.06 3.74 2.05 34.7 ± 2.0 
7.8 0.275 3.08 
| Buckshot 6590 7.6 X: 0.5 0.204 300 366 209#013 352223 
3.00 
0 Volcanic rock whole 9.23 0.596 3.26 4.01 2.37 40.0 + 2.0 
from Gill rock 9.81 0.610 3.30 
Breccia 


Table 2. Comparison of upper premolar widths of Protoreodon pumilus and P. primus. 


P. pumilus P. primus 

WP! WP? WP? WP^ WP! WP? WP WP* 
USNM 
203542 3.6 5.0 8.4 10.6 3.4 2,0 9.2 109 PU 16352 
USNM 
20432 39 5.4 8.5 11.0 3.02 3.9 5:2 8.8 СМ 11893# 
AMNH 
1818* 3.6 2.1 10.3 10.5 2.5) 4.8 6.5 8.4 (СМ11904 
СМ 
120807 3.6 4.6 ОА 9.0 5,0) 8.3 9:6 PU 16354 
СМ 
12049" Т; 9, 
* Indicates type P.p. annectens * Indicates type CM 11893 


Indicates type P. medius 
Indicates type P. tardus 


Table 3. Comparison of lower premolar widths of Protoreodon pumilus and P. primus. 


Р. pumilus Р. primus 

WP, WP, WP, WP, WP, WP, WP, WP, 
USNM | 
20352 4.3 3.0 5.0 ТА 4.4 4.04 4.9 6.4 РИ 16356 
USNM | 
20350 6.6 4.1 5.1 6.3 3.4 3.8 5.0 PU 18729) 
PU 
14644 4.4 251 5.3 7,2 4,5 R 22 4.7 СМ 11893% 
USNM 
20432 3.8 5.0 2,9 4.1 9.2 РО 18729А 
USNM 
2035 | 4.8 6.4 6.5 4.0 5.0 РО 18729С 
USNM 
20449 3.1 2.7 
Туре not represented * Indicates type CM 11893 
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Table 4. Statistical data for upper teeth of those specimens of Protoreodon found іп Uinta Basin, 
Utah, at the stratigraphic level *Myton" including localities Leland Bench Draw, Myton Pocket 
and Leota Ranch. P. petersoni excluded. 


N OR M 0 V 
C-M? 9 59.2 = 75,1 IL95z7 1.71 2.4% 
P! -M° 8 62.0 - 69.4 64.41 + .79 2.24 3.6% 
MI -M° 9 30.5 - 35.3 202% 153 1.60 5.0% 
CL 10 3.0- 5.5 2:06 & 33 1.11 20.0% 
W 6 4.3- 5.5 4.67 + .20 48 10.8% 
p. 9 6.5- 8.0 7.14 € .22 .66 9.5% 
W 6 3.4- 4.3 3.85 + .14 323 9.5% 
ре 1 9 8.1- 9.4 5.79 Е 44 5.190 
W 4 4.8- 5.8 5.16 + 13 34 6.7% 
PL 11 8.2- 10.9 HAJI 2.22 74 8.4% 
W 9 6.3- 92 600 +. J 2 11.8% 
ЕТ. 13 #.а- 9.3 toe s 1 27 7.4% 
W 11 9.8 - 11.0 10:39 4.17 22 5.4% 
M’ L ao 9.3-11.8 10.34 + .14 ‚69 6.7% 
W 18 10.5 - 12.8 LD .74 6.4% 
М? І 20 10.5- 13.8 Pio? X Em „ТӨ 6.7% 
W Lf 10.6 - 14.7 13:16 2.28 1.17 9.0% 
М? L 13 11.3 - 14.1 14222-29 Әд 6.5% 
ү 10 12.7 - 16.1 14.49 + .30 UE 6.790 
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Table 5. Statistical data for lower teeth of those specimens of Protoreodon found in Ше Uinta 
Basin, Utah at the stratigraphic level “Myton” including localities Leland Bench Draw, Myton 
Pocket and Leota Ranch, P. petersoni excluded. 


N OR M 0 V 
Р.-М, 9 62.8 - 73.8 68.09 + 1.28 3.85 5.8% 
P,-M, 5 31,1 35.5 33.00 $ 4? 2.18 6.9% 
М, -Мз 10 32.9 - 39.2 36.10€ .263 2.00 517% 
Ре}, 7 5.0- 7.5 6.265 -:31 .82 13.690 
W 5 3.4- 6.6 4.62+ 53 1.18 26.9% 
Pb 9 6.2- 9.4 LE -.33 1.00 13.3% 
W 8 3:2 50 4.172 ..19 23 13.2% 
Р; L 12 7.6 - 10.3 9.12t 24 .82 9.2% 
W 12 3.8- 6.4 4.85 + .20 70 14.8% 
n 1. 15 7.9 - 10.2 Ан i .66 7.3% 
W 14 20» 274 9.95 . 49 12 12.3% 
M, L 28 8.4- 10.1 9 26-5 AQ 93 5.8% 
W 24 RO= WII 6.96 t 21 55 7.9% 
М, L 23 9.3 - LES 1038# „127 ‚60 5,1% 
W 20 7.1- 8.6 7.86+ .08 91 4.8% 
Мз L 16 15.0 - 18.0 16.46+ .22 89 5.5% 
W 14 7.0- 8.8 7.8908 ..15 ST 7.5% 
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Table 6. Statistical data for upper teeth of those specimens of Protoreodon found іп Ше Uinta 
Basin, Utah at stratigraphic levels Uintan “high B - low С” including localities known as 
White River Pocket, near White River and Kennedy’s Hole. AMNH 1818 not included. 


р! 


p? 


p? 


p4 


М! 


M? 


M? 


N 


6 


9 


OR 
55.0 - 72.6 
46.9 - 62.0 
25.2 - 31.6 
22.0 - 30.5 

3.4- 8.5 
4.8- 7.0 


6.6- 8.0 


6.0- 8.3 
3.5- 4.3 
6.4- 95 
3.65 8.0 
6.0- 7.6 
7.0 - 10.0 
7.2 - 10.4 
8.7-= 12:9 
8.1 - 10.9 
8.75129 
8.0 - 12.3 


11.6- 14.4 


M 


62.78 + 2.84 


523.18 € 3.0] 


28.33 + 


92 


26.34 + 1.17 


6.68 + 
6.23 
7.20 
4.9 
7.42 + 
3.97 
7.44 + 
6.86 + 
6.65 + 
8.58 + 
6,578 
10.10 + 
9,39 x 
11.592 
2,93% 


12.02 + 


53 


‚45 


49 


.39 


1.01 


1.09 


V 
11.6% 
12.8% 

8.9% 
13.7% 


21.1% 


14.3% 


15.2% 
13.0% 
9.1% 
13.290 
15.5% 
11.8% 
11.3% 
1 1.3% 
15.1% 


8.7% 


Table 7. Statistical data for lower teeth of those specimens of Protoreodon found in Ше Uinta 
Basin, Utah, at stratigraphic levels Uintan “high B - low С” including localities Known as 
White River Pocket, near White River and Kennedy’s Hole. AMNH 1818 not included. 


N OR M 0 V 
PL 4 8.0- 8.5 9.44 ® „13 .26 3.4% 
W 4 4.4- 5.5 5.02 t .28 .56 11.9% 
M, L 5 Vol 5.9 5.18 € „30 .67 8.6% 
W 5 5.5 - 6.5 A ¥ Y) .38 6.5% 
M? L 6 8.0- 9.6 8.73 23 56 6.7% 
W 6 6.0- 7.4 6.78 # .25 ‚60 9.3% 
Мз L 5 11.8- 14.6 13.40 + .54 1.20 9.4% 
W 5 6.0- 7.5 6.78 2 „29 .64 9.9% 
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Та е 8. Statistical data on upper teeth of Protoreodon parvus species group including P. 
petersoni, P. minor, P. paradoxicus, P. parvus, and P. minimus, from stratigraphic levels extending 
from Uintan “high B - low C” to Chadronian. V’s indicate more than one species present. 
Specimens measured were all those listed for Table 9, both included and excluded. 


N OR M 0 V 
C-M? 6 47.7 - 67.0 56.25 + 2.79 6.83 12.6% 
P! -M° 5 42.0-56.0 47.74 + 2.54 5.68 12.5% 
рї .pé 5 21.8 - 29.5 25.92 + 1.24 277 11.2% 
M!-M? 10 24.1 = 27.7 23.81+ .65 2.06 8.9% 
С L 6 4.2- 8.0 6.05 + .59 1.44 24.9% 
W 4 4.0- 7.0 5.00+ .68 1.36 29.0% 
Р! L 4 5,5- 6.6 5.77 + .28 55 10.1% 
W 3 2.8- 3.0 3.33 
р? І, 4 54- 67 6.00 + .32 65 11.5% 
W 4 3.5- 43 3.97 + 118 36 9.6% 
P? L 8 5.5- 7.8 6.70 + .29 82 12.7% 
W 8 5.0- 75 6.201 + .33 94 15.6% 
P^L 9 5.2- 6.9 6.06+ .21 62 10.5% 
W 8 6.6- 8.8 7.90 + .33 94 12.2% 
M'L 14 64- 87 7.43 + 16 62 8.5% 
W 12 7.6 «10.2 8.76 + .24 82 9.6% 
М? L 14 14» 94 8.32+ 116 58 7.1% 
W 13 87-120 10.00+ .26 94 9.6% 
M? L 14 8.0 - 10.0 8.83 + 18 66 7.6% 
W 13 9.0 - 13.0 10.87 + .36 1.29 12.1% 
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Table 9. Statistical data on upper teeth of selected specimens from Ше Protoreodon parvus 
species group. Specimens included and excluded are listed as follows: 


PU 14401 

PU 14404 
PU 14403 
USNM 20674 
31281-14 
40630-19 
40498-5 

PU 11234 
UWYO 930 
CM 9988 


CM 3033 
PU 10398 
YPM 1189] 
CM 709 


10 


10 


Included 


Р. petersoni 

Р. petersoni type 
Р. petersoni 

Р. minor 

Р. petersoni 

. petersoni 

. petersoni 

. paradoxicus 

. minimus 

. minimus 


га 29 LM 29 DU 


Excluded 


minor 

parvus type 
parvus 
minimus type 


ас ig = 


OR 
6.4- 7.7 
7.6- 9.9 
7.4- 8.5 
8.7 - 10.4 
8.0- 8.7 
20 12.1 


Myton Pocket, Utah 
Myton Pocket, Utah 
Myton Pocket, Utah 
Devils Playground, Utah 
Candelaria Lf., Texas 
Candelaria 1.f., Texas 
Candelaria l.f., Texas 
Mouth White River, Utah 
Rattlesnake Hills, Wyo. 
McCarthy's Mt., Montana 


White River near Ouray, Utah 
Uinta B, Uinta Co., Utah 
Uinta B, Uinta Co., Utah 
Thompson Creek, Mont. 


0 
13 42 
22 65 
2 ЭТ 
16 .49 

.07 .24 

MA 93 


29 


Table 10. Statistical data on upper teeth of Protoreodon pumilus species group including Р. 
pumilus, P. medius, P. annectens, P. tardus, P. primus, P. sp. from Poway Conglomerate, 
California and P. pumilus from the Porvenir 1.f., Texas from stratigraphic levels extending from 
Uintan “high B-low C" to Chadronian. 


Specimens included: 


CM 11961 
CM 11980 
UM 12957 
USNM 20352 
USNM 20351 
USNM 20449 
USNM 20454 
USNM 20590 
CM 2962 

CM 12080 
CM 12049 
PU 14644 
CM 3178A 
CM 2365 

CM 11904 
PU 16353 
PU 16352 
PU 16354 
CNHM PM 21 
CNHM PM 20 
40203-23 
40212-4 
LACM 17117 
LACM 17122 
LACM 17120 
UCMP 31872 


C-M? 
P!-M? 
pm 
M!-M? 
ME / 


W 
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Р зр., 
P. sp., 
Bs, 
P. pumilus, 
P. pumilus, 
P. pumilus, 
P. pumilus, 
P. pumilus, 


"P. medius” type, 


P. pumilus, 


"P. tardus” type, 


P. pumilus, 
PS... 
P. 8p., 


"P. primus” paratype 
"P. cf. primus” 
"P. cf. primus” 
"P. cf. primus" 


P. pumilus, 
P. pumilus, 
P. pumilus, 
P. pumilus, 
P. pumilus, 
P. pumilus, 
P. pumilus, 
P. pumilus, 


OR 
66.4 - 77.2 
59.0 - 69.4 
20.95 3253 
29.8 - 35.5 

4.5- 8.5 


4.3- 6.9 


White R. Pocket, Uinta B 
White R. Pocket, Uinta B 
Near Ouray, Utah 

Leland Bench Draw, Utah 
Leland Bench Draw, Utah 
Leland Bench Draw, Utah 
Leland Bench Draw, Utah 
Leland Bench Draw, Utah 
6 mi. E. Myton, Utah 


| mi. S. Baser Bend, Randlett, Utah 


Beaver Divide, Wyo. 
Myton Pocket, Utah 
Myton, Utah 
Myton, Utah 
Halfway, Utah 
Leota Ranch, Utah 
Leota Ranch, Utah 
Leota Ranch, Utah 
Porvenir І.Ғ., Tex. 
Porvenir l.f., Tex. 
Porvenir l.f., Tex. 
Porvenir I.f., Tex. 
Poway Cong., Calif. 
Poway Cong., Calif. 
Poway Cong., Calif. 


Near Ouray and Randlett, Utah 


0 
98 3:67 
86 2.99 
64 1:79 
47 1.89 
30 E 
26 8] 


ОК 
6.0- 8.0 
207 4.9 
7,2- 9.4 
4.3- 5.0 
69- 9,5 
6.5- 9.2 
6.8- 92 
8.4 - 11.7 
9.1 - 11.8 
10.3 - 13.2 
10.0 - 12.8 
10.6 - 14.7 
10.8 - 14.1 


12.6 - 16.1 


2 | 


24 


1.03 


1.06 
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Table 11. Statistical data on upper teeth of specimens of Agriochoerus of various species апа 
various stratigraphic levels in South Dakota, Wyoming and Nebraska. 


N OR M 0 V 
M! -M° 10 43.3 - 48.4 45.48 + .59 1.85 4.296 
е | 6 7.4- 13.0 10.27 € 18 L.S 19.4% 
W 6 8.1 - 11.0 9.50 + 48 ы 12.8% 
PaL 6 96-11.0 295,25 .85 8.7% 
W 6 Ре 6.33 + „23 Boi 8.6% 
ESL 10 9.7 = 11.8 10.74 € 25 19 7.690 
W 9 9.6- 11.0 10.18 + .16 47 4.7% 
р” 1, 15 10.8- 12.6 11.41 € .15 97 5.1% 
W 14 12.5 - 16.0 14.00 + .22 .83 6.0% 
M' І 15 12.24 «135.6 [3.73 4.42 „15 5.6% 
W 16 14.4 - 18.5 16:31 2428 Дара 6.8% 
M? L 18 15.5 - 18.5 16.98 + .24 1.00 6.0% 
W 18 17.9 - 22.5 19.97 $1322 1.36 6.9% 
М? L 17 16.2- 20.8 18.41 + .38 22 8.5% 
W 16 19.4 - 23.8 11.31 £ 36 1.54 7.3% 
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Table 12. Statistical data on lower teeth of specimens of Agriochoerus of various species апа 
various stratigraphic levels in South Dakota, Wyoming and Nebraska. 


P4 


М, 


М; 


М; 


Table 


N 


5 


ОК 
47.6 - 57.6 
«1-115 
6.0- 7.9 
11.0- 13.0 
7.8 - 10.9 
11.6 - 13.7 
9.0 - 10.0 
13.4 - 16.8 
10.2 - 11.6 
21.7 - 26.4 


ЦД + ІЗ 


13. Statistical data for upper teeth 


14 


13 


OR 
10.2 = 12.5 
11,7 - 13.9 
12.2 - 14.4 
15.3 - 16.5 
15.1- 18.5 
17.5 - 20.2 
17.3 - 19.0 


18.6 - 22.2 


M 


52.40 + 1. 


10.18 + 
6.68 + 
12.41 $ 
Уза 
OE 
9.54 ± 
13.34# 
11.04 + 
24.60 + 


14.33 4 


79 3.99 
36 89 
27 .67 
35 .98 
.36 1.01 
28 .78 
iS EFi 
45 1.19 
19 we 
65 1.94 
21 .80 


29 .83 
23 .76 
14 61 
11 43 
29 .84 
27 >» 
18 99 
38 1.07 


of Agriochoerus from Ше Porvenir local fauna. 


V 


7.8% 
6.2% 
4.6% 
2.8% 
5.3% 
5.3% 
3.1% 


5.4% 
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Table 14. Statistical data for lower teeth of Agriochoerus from Ше Porvenir local fauna. 


64 


OR 
11.4- 13.8 
7.0- 8.4 
11.14 - 13.5 
8.0 - 10.2 
13.2 - 16.6 
3-48 
21.8- 25.0 


10.8 - 12.5 


42 


20 


Table 15. Ratio of distance between рага- and metacone of P* to total length of P* in some 
specimens of Protoreodon and Agriochoerus arranged in approximate temporal succession with 
oldest at bottom. Numbers in left column refer to specimens listed in key to fig. 10. 


3. CM 9988 


4. CM 709 


15. CM 749 


5. CM 12080 


7. FMNH PM 21 


9. TMM 1059 


14. FMNH РМ 64 


12. FMNH PM 7 


8. 40203-23 


11. 40206-27 


13. OU 44-2- 


523 


1. 31218-14 


2. CM 11904 


6. CM 11893 


10. USNM 20305 


Vr 
eo 


Мә 
+ 


| 


Nn N 
+ N 


| 


کک 
С ее‏ 
е 0‏ 


~ AN 


A‏ ک 


|: 





O W со го N| 


ты 
LI за 


w H, 
m ә 
(5) 


| 
| 
| 


Шы оо 


O 
СО 


| 





| 
ол 


IN 


| 


~ 


| 


ROO داد‎ соо 


cw Mt 


P. minimus, McCarthy's Mt., Mont. 

P. minimus type, Thompson Cr., Mont. 

A. maximus, type, Little Pipestone Cr., Mont. 
P. pumilus, Randlett 

P. pumilus, Porvenir l.f. 

A. antiquus, Porvenir l.f. 

A. antiquus, Porvenir Lf. 

A. antiquus, Porvenir l.f. 

A. antiquus, Porvenir l.f. 

A. antiquus, Porvenir 1.Ї. 

A. antiquus, Porvenir l.f. 

P. petersoni, Candelaria 1.Ғ. 

P. primus, paratype "Mesagriochoerus" primus Halfway 
P. primus, type Randlett 


P. pearcei, Badwater, Wyoming 
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Table 10. Measurements of upper and lower Table 17. Results of “Г” test on P^-M? 


teeth of P. petersoni 31281-14 in Candelaria between Protoreodon pumilus from Porvenir 
l.f., Colmena Tuff. l.f. апа Agriochoerus antiquus from Porvenir 
L.f. 
31281-14 31281-14 
rt d.f. P 
C-M? 55,0 Р,-М; 51.6 
| ай! 2.59 11 05 - .02 
P' -M° 48.3 Р,-Р; 25.01 
W 2.65 11 05 02 
p m 26.64 М, -М, Zr 
M' L 4.08 19 « .001 
M' -M° 22.7 Р, L 3.7 
W 6.20 18 « .001 
с L 221 W 3.6 
М? L 4.66 15 « .001 
W 4.4 Ра L 2.7 
үү 4.34 14 < .001 
p r 2-7 W 3.5 
M? L 8.33 9 < 001 
W 3.6 Р; 1 6.5 
W 4.57 8 .01 - .001 
p тр 6.4 W 3.0 
W 4.0 М, L 6.6 
P L 1.3 W 0:9 
W SA М, І 7.5 
M! L 7.4 W 6.2 
W 8.7 M; L 11.1 
М? L 7.8 үү 6.2 
W 9.8 
ML 8.5 
W 10.7 
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Table 18. Observations on presence of 
protoconule on М! of Agriochoerus antiquus 
from the Porvenir l.f. w = too worn; nt = no 
teeth; pr = present; a = absent. 


Right Left 
CNHM PM 7 a nt 
CNHM PM 7A W nt 
CNHM PM 7B W nt 
CNHM PM 7D W nt 
CNHM PM 7F a nt 
CNHM PM 7H pr nt 
CNHM РМ 7) пі рг 
CNHM РМ 61 а рг 
СМНМ РМ 64 рг пі 
СМНМ РМ 93 ті рг 
СМНМ РМ 100 nt pr 
CNHM PM 131 nt W 
TMM 1059-2 W W 
40206-45 nt a 
40203-25 a nt 
40688-41 nt pr 
40206-27 nt pr 


Table 19. Results of “t” test in measurements 
of certain upper teeth between Protoreodon 
pearcei, type USNM 203065, and Protoreodon 
pumilus species group from “Муіоп”, Uinta 
Basin. 


эр d.f. y 
C-M? 102 8 135 - .40 
Р! -M° 4.02 6 .01 - .001 
M! -M° 4.19 8 .01 - .001 
LM! 3.06 22 .01 - .001 
LM 3.14 12 .01 - .001 


Table ^ ^20; "КешШв of “С?” fest сол 
measurements of P^-M? between Protoreodon 
pearcei, type USNM 20305, and Agriochoerus 
antiquus from Porvenir Lf. 


ма d.f. P 
PL . 864 10 4 
W 105 10 La 
M" L 1.37 17 EN 
W 4.84 19 < .001 
М? І 2.94 13 02 - .01 
W 4,19 12 .05 -.02 
M? L 3.9 f 8 < .001 
W 1.94 7 .05 - 0.1 
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Table 21. Frequency of occurrence of protoconule in upper teeth of right and left side іп В. 
reevesi n. sp., Reeves Bonebed, Little Egypt l.f. 


Right Readings on dP* = 8 
Readings on Adults = 42 

DP* Present on 5 and absent on 3 

М! Present оп 2 and absent on 16 

M? Present on O and absent on 19 

M? Present on 0 and absent on 20 

Left Readings on dP^ - 12 
Readings on Adults + 31 

DP? Present on 7 and absent on 3 

M! Present on 5 and absent on 10 

M? Present on O and absent on 17 

M? Present on 0 and absent on 22 


68 


Table 22. Statistical data for upper teeth of В. reevesi n.sp., Reeves Bonebed, и Ше Egypt Lf. 


53 


50 


ОК 
38.2 - 43.5 
34.4 - 37.3 
ы “123 
16.6 - 18.9 

3.7- 4.4 
3.3- 4.3 
3.8- 4.8 
20 = 2.8 
4.5 - 5.2 
2.5 -- i206 
4.7- 5.4 
3.3- 4.6 
99-3 53 
4.9- 6.1 
5.1- 6.8 
6.2 « 70 
6.0- 7.4 
7.2> Эл) 
6.2- 8.0 
7.4- 8.5 


.04 


.04 


1.03 
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Table 23. Statistical data for lower teeth of В. reevesi n.sp., Reeves Bonebed, Little Egypt А. 


70 


OR 
36.7 439,8 
17.8 - 19.1 
18.9 - 21.6 

4.2- 4.3 
29 - X] 
4.2- 4.8 
2:24 956 
4.4- 5.6 
Ad e 1255 
940 « 6.5 
3.3- 4.3 
2:0 = 6.3 
3.8 - 4.8 
4.8 - 7.0 
4.1- 5.9 
8.0 - 9.8 
44- 5.8 


М 


3823 + 1-39 


18.38 + 


1x 


.35 


Table 24. Statistical data for upper and lower milk teeth of В. reevesi п.зр., Reeves Bonebed, 


Little Egypt l.f. 


OR 
4.3 = 5.1 
2.4- 3.0 
21-21 
3.8 - 4.5 
5.0 - 5.6 
2,3-6,0 
4.4 - 4.7 
42:9 + 3.0 
6.2 - 7.4 


3.5 - 4.0 


7] 


Table 25. Frequency of occurrence of loops Table 26. Frequency of occurrence of loops 


on right upper molars of В. reevesi п.зр., on left upper molars of В. reevesi п.зр., 
Reeves Bonebed, Little Egypt Lf. Reeves Bonebed, Little Egypt Lf. 
Right N = 72 Left N = 66 
М по геайте = 38 М! по reading = 32 
М! noloops = 3 M! noloop = 2 
М! | present = 29 34 readings M! | present = 32 34 readings 
M' 2 present = 2 M! 2 present = 0 
Total 72 Total 66 
M? no reading = 36 M? no reading = 24 
M? noloop -22 M? noloop -28 
М? | present = 13 36 readings M? | present = 12 42 readings 
M? 2 present = 1 M? 2 present = 2 
Total 72 Тота! 06 
M? no reading = 35 M? no reading = 27 
M? noloops + 33 M? noloop = 39 
М? | present = 2 37 readings M? | present = 0 39 readings 
M? 2 present = 2 M? 2 present = О. 
Total 72 Тота! 06 


Table 27. Frequency of occurrence of loops 
on upper milk P* of B. reevesi, n.sp., Reeves 
Bonebed, Little Egypt Lf. 


Upper Milk P* 


dP* Right dP* Left 
N=9 N = 11 
No reading 0 2 
No loop 3 4 
| loop present 5 Э 
2 loops present | 2 


Table 28. Frequency of occurrence and 
indication of height of metaconid compared 
to height of protoconid on Ра of В. reevesi 
n.sp., Reeves’ Bonebed, Little Egypt и. 


N 26 
No reading 4 


Metaconid absent 2............2 
Less than % height of 

ӘТОШӘСОӘНИЕ vy 2x а зк» x6 4 
Approx. % height of 

PIOCOOOMIG „а ao ox os ox и XM 6 
Greater than > height of 

protoconid and with well 

developed DASE = „с аеш аан н. 9 


#3 


Table 29. Statistical data on upper teeth of Limnenetes cf. platyceps from Airstrip Lf. 


p? 


p? 


p^ 


M? 


M? 
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OR 
48.6 - 52.7 
45.5 - 47.5 
19.4 - 20.6 
2240 = 29.2 

595-570 
2I = S 
42» 5.7 
4.3- 5.0 
5.0- 6.5 
S44 6,1 
5.1- 6.2 
6.7- 8.0 
7.3 = 10.5 
8.5 - 10.7 
10.5 - 12.3 
10.3 - 11.9 
11.1 - 12,5 


10.9 121 


M 
50.60 5,57 
46.17 + .40 
20.01 + .14 
27.58 + .46 
4.35 + .09 
3.27 € 10 
3485713 
4.63 + .12 
2.9] & 2 
5.66 + . 19 
5,762 „13 
7.27 & ТА 
8.95 + .23 
9.55 €x 19 
ERER e 
1102Z E 11 
11.92 + ‚14 


11.55 #1 


Table 30. Measurements of upper teeth of 
Aclistomycter middletoni n. gen. and sp., 
41216-11. 


а? T3 
W 4.7 
p*- L 8.6 
W 1,9 
FL 8.4 
W 8.9 
PL 9 
W I. 
M' L 10.5 
W 1.2.9 
M^L I3 
W 16.7 
M? L 14.2 
W 16.7 


101 ӨЧ СОГ FOI 
96 bs L6 8 516 
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96 
C8 
16 
LS 
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ғо 
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5 1 
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SL 
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8 Il 
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Es 
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88 

aCe” > 56 


991 
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(99701 


S vt 


ӨТС" 


1 ха 
NIN 


60С0Ё 


‘y1 }d434 2117 ‘poqouog ѕәләәҹ “ds и уир8рипр uopoplodAdap JO 4499} Joddn Jo SJUIWANSLIW 716 ALL 
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Table 32. Measurements of lower teeth of Merycoidodon dunaganin.sp., Reeves Bonebed, Little 


Egypt l.f. 
40209 
-225 -562 -231 
FEL 10.0 
W 7.0 
М, L 12.8 12.6 
W 8.8 22 
M; L 14.5 18.0 
W 8.6 9.1 


9.1 


-230 -565 -564 
95 
7,0 
12.0 
9.] 
17.1 
2,2 


TT 


Table 33. Measurements of upper and lower 
teeth of ?Prodesmatochoerus cf. meekae, 
Airstrip l.f. 


40505-2 
C-M3 107.6 P, -M; 102.8 
P! -M 95.7 Р, -Р, 50.0 
p! -р4 49.0 М, -М, 4911 
M! -M° 50.5 P, L 11.1 
p E 77 W 7.00) 
W 7.8 Р, Г. 11.2 
P! L 10.5 W 6.0 
W 5.5 Р, L 8.0 
Р? L 6.9 W 7.5 
W 9.2 P, L 7.9 
P L 6.8 W 8.4 
W 6.5 M, L 7.8 
P^L 5.9 W 11.4 
W 8.9 М; L 15.7 
М! L 15.0 W 12.8 
W 17.4 M; L 26.6 
M? L 18.3 W 13.1 
W 21.3 
М? г. 20.8 
W 22.3 
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Table 34. Measurements of upper and lower teeth of Merycoidodontidae, gen. and sp. indet., по. 


2, sh. Spring. Lf. 


-66 

P? -M° 79,3 
M! -M? 48.8 
PL 10.7 
W 9.0 
PL 10.8 
W 11.4 
PL 10.6 
W 13.7 

M' L 12,2 
М? І 1.73 
W 18.6 
М? І 20.4 
W 19.9 


-67 
P,-M; 
М, -М, 
рер, 
W 
7.6@ BS 
W 
8,2% P, L 
W 
12,1% М, L 
15,4%% M; L 
W 


** Approximate from squeeze mold 


12,1 


23.1 


10.9 


40283 
-78 -64 
7 
5.4 
10.0@ 
13.9 


19 


Table 35. Measurements of  postcranial 
elements of Merycoidodontidae, gen. and sp. 
indet., no. 2, Ash Spring l.f. 


Length astragulus ........... 24.1 
Lensthmnaviculàt ............. 9,4 
Жана ШЫ... аш © & «le 13.2 
LenpIn CUDOM sau зеш азаа Û 16.7 
When cuboid “а... £ERL..... 13.8 
Length lateral cuneiform ......... 7.4 
Width lateral cuneiform ........ 22 
Length metatarsal II (approximate) . . 59.9 


Length metatarsal ІП (approximate) . . 64.9 
Length metatarsal IV (approximate) . . 51.9 


Length cuneiform ........... 17.9 
Length lunate "с. ао. AOE u a aa 15.3 
ЖИІ ІНЕ о оь 2*2 15.0 
Length hoof pes digit Il ........ @ 
Proximal width hoof pes digit I ..... 7.4 
Thickness hoof pes digit I ........ б 
Leneth hoof рез digit ПІ fp. sana LE 


Thickness hoof pes digit Ш 
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Table 36. Comparison of coefficients of variation оп upper molars of various samples of 
protoreodonts, апа Agriochoerus. Column 1. Bathygenys reevesi п. sp., Reeves Bonebed, Little 
Egypt 1.f. (table 22). Column 2. Limnenetes cf. platyceps, Airstrip |.f. (table 29). Column 3. 
Agriochoerus antiquus, Porvenir 1.f. (table 13). Column 4. АП middle-sized protoreodonts (less Р. 
petersoni) from the Myton stratigraphic level (table 6). Column 5. All middle-sized protoreodonts 
from all stratigraphic levels, P. pumilus species group (table 10). Column 6. A random sample of 
Agriochoerus from the Big Badlands of South Dakota and Nebraska preserved in various 
museums (table 11). Column 7. All small protoreodonts (less AMNH 1818) from the stratigraphic 
level Uintan “High B - Low С” (table 4). Column 8. All small protoreodonts from stratigraphic 
levels Uintan “High B- LowC” to Chadronian (table 8). Column 9. Selected specimens of 


protoreodon from various stratigraphic levels, (see explanation, table 9). 


T а, 3. 4. 54 
Bathygenys Limnenetes Agriochoerus Protoreodon Protoreodon 
Reeves B.B. Airstrip Porvenir less P. pumilus 
petersoni spec. group 
Myton level 
N V N V N V N V N V 
М! І 48 6.5% 13 9.3% 18 4.6% 22 6.7% 25 6.8% 
W 46 4.896 13 7.3% 16 2.8% 18 6.4% 2] 7.6% 
М? Г. 58 4.4% 15 6.7% 14 5.3% 20 6.7% 29 7.7% 
W 55 5.0% 14 3.9% 13 5.3% 17 9.0% 22 8.0% 
M? L 23 4.2% 13 4.3% 9 3,1% 13 6.590 23 8.1% 
W 50 3.8% 11 3.4% 8 5.4% 10 6.7% 20 7.5% 
6. 8 8. 9. 
Agriochoerus Protoreodon Protoreodon Protoreodon 
Oligocene "High B- Low C" parvus sp. parvus sp. 
P. minor, group, inc. group less 
рагайох., P. petersoni, CM 3033, 
parvus type, minor, PU 10398, 
sp. large paradox., YPM 11891, 
Sp., parvus, CM 709 
minimus 
N V N V SN „ игү. М V 
M! L 15 5.6% 11 15.5% 14 8.5% 10 6.1% 
W 16 6.8% 10 11.8% 12 9.6% 9 7.9% 
М? L 18 6.0% 11 11.3% 14 T1% 10 4.7% 
W 18 6.9% 10 11.3% [3 9.6% 10 5.290 
М? L 17 8.5% 9 15.1% 14 7.6% 10 2.9% 
W 16 7.3% 8 8.7% 13 12.1% 10 9.2% 
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